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ABSTRACT
Seven new coinage metal cluster compounds were 
synthesized and their single-crystal X-ray structures were 
determined. The novel gold cluster, hexakis(o- 
methyldithiobenzoato)hexagold(I ), [Aut (o-CHaC6 H *CSz)&], has
six gold atoms that are coplanar to within 0.14^. Each 
gold(l) forms two nearly linear bonds to bridging ligands 
alternately above and below the cluster plane. In addition 
to the multitude of Au-Au interactions within the hexameric 
cluster, a close intermolecular contact exists, thereby 
forming chains of these hexamers. The other gold cluster 
is a dimer, b i s (2 ,4,6 -trimethyldithiobenzoato)digold{I ) ,
[Aui {2,4,6- (CH3 ) a Ci, Ha CSa la]. However , there are three 
crystallographica 1 ly independent dimers in the unit cell 
which are positioned such that a gold atom from each dimer 
lies at the vertex of a triangle that connects the three 
dimers. Of the three silver cluster compounds, one (n- 
Pr*K)a [Ag* [2,4,6 - (CHs)aC 6 HaCS 2 I6 ] 1/2DMF HaO, has a square- 
planar array of silver atoms, whereas the other two,
[Ag* (2 ,4 ,6 -(CH3 >3 C6 H 2 CS2 I* (py)a]■l/2py and [Ag* (o- 
CHaCtH*CSa)* (p y )*], have distorted tetrahedral arrays of 
the four silver atoms. The two trithioperoxybenzoate 
copper clusters, [Cu* 12,4,6 - (CHa b C e  H 2 CS: 5 U  ] and Cu* [o- 
CH 3 CtH*CS2S )*], exhibit distorted tetrahedral coordination 
for the coppers.
Triphenylphosphine reacted with these clusters and 
resulted in seven monomeric derivatives with the formula 
[M(L }(P Pha)*] where M « A u , L=o-CHaCeH«CSz, x=l; M=Au,
L * 2 ,4,6- (CHa )3 C*H 2 CS 2 , x=l or 2; M “Ag or C u , L=o- 
CHsC*H 1 CS 1 or 2 , 4 , 6 - (CHa ) a C* Hi CSa , x=2. When x = l , the gold 
compounds are linearly coordinated and the ligands are 
monodentate. When x=2, the metals are all tetrahedrally 
coordinated and the ligands are bidentate.
In addition to the above, seven other gold(I) 
complexes were synthesized using similar ligands, but 
solubility problems prevented the growth of single crystals 
and definitive structural determinations. These ligands 
originated from tetraalkylammonium salts of the following 
substituted dithiobenzoates: q-methoxy-, q-fluoro-, q-
phenyl-, q-benzoyl-, q-formyl-, q-acetyldithiobenzoate, and 
1-dithionaphthoate. In order to further characterize some 
of these compounds, solid-state i3C CP-MAS NMR spectra were 
obtained for the o-methyl-, 2,4,6-trimethyl-, q-methoxy-, 
and q-fluorodithiobenzoatogold(I) complexes. All the 
gold(I) dithiobenzoate compounds were characterized by 
infrared and visible-ultraviolet spectroscopy.
A discussion of the anomalous behavior of the q- 
phenyldithiobenzoate ligand in reactions with gold(III) and 
copper(II) is presented. No new light is shed on a 
continuing controversy regarding metal-metal bonding, its 
relative strength or even existence, in coinage metal 
clusters.
xi i
I . INTRODUCTION
A. GENERAL INTRODUCTION
During the last twenty-five years, the synthesis and 
characterization of transition metal cluster compounds has 
provided inorganic chemists with an invigorating challenge. 
More than one thousand cluster structures have appeared in 
the literature in which extensive delocalized metal-metal 
bonding occurs.
Several definitions of a cluster compound have been 
proposed. A very broad definition given by Porterfield is 
that a cluster is simply "a complex containing three or 
more metal atoms, all bonded to each other."* Mingos 
limits clusters to "those compounds having a sufficient 
number of metal atoms to define a three-dimensional 
polyhedral core."2 "A discrete unit containing at least 
three met al atoms in which metal-metal bonding is present" 
is contributed by Johnson, with a note that this 
interpretation excludes a range of compounds referred to as 
cubanes.-1 Fackler assumes that a cluster is "a polynuclear 
species where three or more metal atoms form a regular or 
near-regular polygon or where a polyhedron is formed from 
such polygons such that the surface of enclosure of the 
polygon or polyhedron conta ins no non-metal a toms *
Cotton designates a metal atom cluster as "a group of two 
or more metal atoms in which there are substantial and
2direct bonds between the metal atoms."9 Perhaps the best 
and most rigorous interpretation is expounded by King, who 
states, "A metal cluster may be defined as a network of 
metal atoms held together by metal-metal bonds with at 
least two metal-metal bonds to each metal atom. In any 
such metal cluster, each metal atom is part of some ring of 
metal a t o m s . K i n g  acknowledges that his definition 
excludes acyclic metal chains because metal atoms in a 
chain are not parts of rings and because the metal atom at 
the end of a metal chain will necessarily have only one 
metal-metal bond.
It is unfortunate that some authors have used the term 
"cluster" indiscriminately to designate classical 
polynuclear complexes in which there is no significant 
amount of direct metal-metal bonding. There are, of 
course, some borderline cases in which the metal-to-metal 
distances and other properties are such that one cannot say 
irrefutably whether metal-metal bonding is "chemically 
significant." Many other compounds contain isolated pairs 
of metal atoms with each pair linked by metal-metal bonds; 
these compounds, too, have been incorrectly labeled 
clusters. A complex should have at least one metal ring or 
metal polyhedron to be considered a cluster.
When metal-metal bonding is not obvious simply from 
the presence of two adjacent metal atoms with no bridging 
groups attached, the internuclear separation is one of the 
major criteria used to establish the presence of metal-
3metal bonding. The coordination symmetry about each atom 
is also important. If the two metal atoms are in 
approximate high-symmetry environments but are nevertheless 
displaced toward each other, it is usually assumed that a 
bond exists between the two atoms.
Metal-metal bond formation is most likely to occur 
when the following two circumstances arise. The metal 
atoms should be in a low oxidation state, and in general 
the lower the better. This accounts for the prevalence of 
metal-metal bonds and clusters in carbonyls and 
carbo n y l a t e s , in which the formal metal oxidation numbers 
are zero or even negative values, and the lower halide type 
of clusters, where oxidation numbers are usually +2 to +3. 
There are several reasons for the low oxidation state 
requirement. Principally, if metal-metal bonds are to 
form, there must be d electrons remaining on the metal ion 
after it has formed its other non-metal bonds. However, 
the d orbitals must not be contracted too much by a large 
net ionic charge because then the overlap with another set 
of similarly contracted metal atom orbitals is too small to 
allow effective orbital overlap and bond formation.
The second generalization is that for any given group 
in the Periodic Table, the tendency to form metal-metal 
bonds is usually greater for the heavier elements. In 
order to allow good metal-metal overlap, the need for 
"large" d orbitals tends to favor the second-row and third- 
row transition metals.
4A majority of the transition metal clusters are 
classified either as low oxidation state metal halides or 
metal carbonyls. Clusters are common in the lower halide 
chemistry of niobium, tantalum, molybdenum, and tungsten, 
and in the carbonyl chemistry of elements of the iron, 
cobalt, and nickel subgroups.7 There is also a small, yet 
significant, number of clusters of the elements at the 
extreme right of the d block which are stabilized by 
phosphorus and sulfur donor ligands. It is precisely these 
clusters that will be the focus of attention in this work. 
The cluster compounds of copper, silver, and gold, and in 
particular those incorporating sulfur donor ligands, will 
be add r e s s e d .
Numerous methods are employed to elucidate the 
structures of these clusters both in the solid and solution 
states. Although the usual identification techniques of 
elemental analysis and infrared spectroscopy are often used 
as fast methods for characterizing or identifying known 
complexes, many times they are unable to give accurate 
information about composition and structure. Mass 
spectroscopy, nuclear magnetic resonance (NMR) 
spectroscopy, and X-ray diffraction are the most useful 
techniques in the determination of their molecular 
structures. In the solid state, especially in the case of 
clusters containing between four and thirteen metal atoms, 
single-crystal X-ray diffraction is the most valuable 
tec h n i q u e .
H I S T ORICAL BACKGROUND
The infancy of coinage metal cluster chemistry took 
place in the laboratories of Akerstrom and Hesse in the 
years 1959 to 1963 . *s « 6 - 6 4 Their investigations of the 
d i a 1kyldithiocarbamates led to the knowledge of the 
possibility of formation of copper tetramers, silver 
h e x a m e r s , and gold dimers. Most of the copper and silver 
cluster literature cite their work as the origin of this 
f i e l d .
Malatesta and his co-workers pioneered the gold 
cluster chemistry field in the m i d - 1960's .8' 12 It was not 
until 1969, however, that the first single-crystal X-ray 
structure was p u b l i s h e d . 13 Historically, the 
[Auii(PPha )7 (S C N )a ] moiety is recognized as the first gold 
cluster to be detected.
The following sections present a survey of the gold, 
silver, and copper cluster compounds reported to date.
Gold clusters with phosphorus donor ligands are only 
reviewed briefly because numerous reviews of this subject 
already have appeared in p r i n t .2 ■ 1 * ~ 17 The silver and 
copper cluster summaries concentrate on complexes with 
sulfur donor ligands, although there are a few notable 
exceptions. The one known gold-sulfur cluster compound is 
discussed in the latter part of the gold cluster survey.
61. Gold Cluster Compounds
The first tetranuclear gold cluster compound reported 
was [Au* (p-I )2 (P P h a )* .18 The two iodine ligands doubly 
bridge opposite edges of the metal tetrahedron. This is 
the first example of a gold cluster bearing monodentate 
bridging ligands.
The gold skeleton of [Aus (PhzPCHzPPha)3 (PhzPCHPhz)]- 
(NOs)s can be described as a tetrahedron of four Au atoms 
with the fifth gold atom attached to one apex.1 9 '20 This 
fifth gold atom is uniquely bonded to a diphosphine ligand 
through the carbon atom. Another remarkable feature in 
this gold cluster, besides the Au-C sigma bond, is the 
coordination of two phosphorus atoms to one gold atom. 
Normally, one phosphorus atom of a methylenediphosphine is 
bonded to one gold atom.
The structure of [Au* IPhzP(CHz)3PPh2l*](N03)z is 
depicted as a set of four equivalent gold atoms situated at 
the vertices of a tetrahedron and bonded to one phosphino 
group each.21 Another set of two gold atoms bridges 
opposite edges of the tetrahedron and is bonded to two 
phosphino groups each. This structure resembles the 
aforementioned [Au* ( I )a ( PPha )* ] complex. In both 
clusters there are almost linear P-Au-Au-P moieties with 
very short Au-Au distances.
A distorted centrosymmetric Au» octahedron is 
exhibi ted by the cluster Aue IP(p-CHs CtH* )3 le] (BPh* ) z .2 2 ■ 23 
A different type of hexanuclear cluster compound is
7represented by tAu* (PPh3 >6 ] {N03 I 2 3CH*Cla . 2« • 23 This 
complex has an edge-bridged bitetrahedral structure and 
significantly shorter Au-Au lengths than the octahedral 
cluster {2.759X vs. 3.019X average Au-Au distances).
The gold atoms in the [Au? (PPha)7 ]* cation form a 
slightly distorted pentagonal bipyramid .26 This is a novel 
feature for heptanuclear metal clusters. The axial Au-Au 
distances average 2.584&, which is the shortest distance 
ever recorded for gold clusters. The anion in this complex 
has not been positively identified, but hydroxide is the 
most probable counterion.
A new series of gold clusters is represented by 
[Aue (PPh3 )b ] (PFfc >2 2CHz CI 2 and [Aun (PPh:i )« ] (aliz), (aliz = 
alizarinsulfonate } . 2 7 ■ 28 The geometry of the Aue skeleton 
is derived from that of the Aui 1 cluster by removal of the 
three gold atoms of the basal triangle. The [Aue (PPha )b ]2 * 
cluster is still a gold-centered cluster, but the now 
exposed, central gold atom is also coordinated to a 
phosphine ligand. Thus, the remarkable coordination number 
of eight is reached by the central gold atom by coordi­
nation to seven AuPPh 3 species and one phosphine ligand.
The [Aue (PPhj )? ] (NOa )a ■ 2 C H ! C h  cluster was obtained by 
abstracting the phosphine ligand from the central gold atom 
of the [Aue (PPHs)a ) 21 complex .2 9 ■ 30 The gold skeleton 
evolved from the regular icosahedral Aui3 cluster by 
removing two and three gold atoms, respectively, above and 
below the centered hexagon, which is a common feature of
8gold clusters containing eight, nine, eleven, or thirteen 
Au atoms.
The geometry of (Au* fP(p-CHaC*H*)a Ie](P F*}a is that of 
a centered icosahedron from which one equatorial rectangle 
has been removed.3 1 ’32 The central gold atom is surrounded 
by eight peripheral gold atoms, with each of these bonded 
to one tri-p-tolylphosphine.
The architecture of the Au* framework in [Au»(P(p- 
CHa OC< H< )3 J•] (BF< >a is that of a centered crown with 
approximately D*a symmetry.33 The structure of this cation 
violates the generally accepted principle that high 
nuclearity gold cluster compounds may be regarded as 
fragments derived from a centered icosahedron. In 
addition, it represents the first example of a cluster 
compound generated by the incorporation of a metal atom 
into the center of a puckered ring of bonded metal atoms.
Crystallographic studies have confirmed that there are 
two modifications of [Au* IP(p-CH3Oc*H*)a Is] (NOa)a .3 * The 
green tetragonal modification has a Dab geometry derived 
from the icosahedron by removal of a rectangle of gold 
atoms and the golden-brown orthorhombic modification has a 
centered crown geometry. These complexes represent the 
first examples of skeletal isomerism in gold clusters.
The first reported neutral enneagold cluster is 
tAu* (P(C*Hi 1 )□ ta (SCN)a].33 In contrast with other cationic 
Au* clusters, this neutral cluster has a metal arrangement 
of virtual C« symmetry only. It is derived from a centered
9icosahedron in a less direct fashion because in addition to 
removal of four vertices, the subsequent breaking of a 
peripheral Au-Au bond is required.
The [Auio {P (CeHii )2 Ph I&Cla ] (NO3 ) cluster represents
the first and only example of a ten-atom gold c l u s t e r .36
Its skeletal geometry cannot be depicted as a fragment of
an icosahedron. To rationalize this and other anomalies,
Mingos developed a broad classification of gold clusters 
according to their gross topologies .36 The toroidal 
clusters--like this Aui 0 cluster--are characterized by a 
total of 12n+16 electrons (where n is the number of 
peripheral gold a t o m s ) . The spherical clusters—  
icosahedron derivatives--are characterized by a total 
polyhedral electron count (p.e.c.) of 12n+18 electrons.
Although no crystallographic symmetry is imposed in 
the [Aui 0 (P(CtHii ^PhlbCla]* cation, the central cluster 
core has approximately D 3 b symmetry with six 
A u I P (C b Hi 1 )2 PhI and three AuCl fragments arranged around 
the central gold atom in a circular manner. The structure 
is interpreted as a hexagonal ring of six edge- and face- 
sharing AuAua L 3 tetrahedrons which have a common central 
gold atom.
The first reported gold cluster compound,
[Aui i (PPh 3 >7 (SCN) 3 ] , has a coordination polyhedron that is 
an apex-sharing combination of a pentagonal bipyramid and a 
square p y r a m i d . 13 The shared apex is the ten-coordinate
10
central gold atom and the other gold atoms are located at 
all the vertices of the polyhedron.
The most abundant of the w e 11-characterized gold 
cluster compounds are those possessing an Aui i core. These 
include: [Auii (PPh3 ) ? Ij ] , [Auii [P(p_ClC 6 H«) 3 l7 l3 ],
[Aui i |P(p-FCb Hi )3 I 7 la ] , [Aui i {Phi P(CHa )a PPhz I a ] (SCN)a , and 
[Aui i (PPha >7 (i-PrNC)iI] (PFt >2 ,3,‘ 41 The geometry of these 
clusters is best described as an incomplete centered 
icosahedron in which nine of the twelve apices are occupied 
by gold atoms, and one more gold atom substitutes the 
remaining three apices. The ideal symmetry of the Aui i 
clusters is C 3 v .
The compound [Aui 3 (Pha PCH 2 PPh 2 )t ] (NO3 )a appears to 
have a centered icosahedral cluster unit.20
Crystallographic disorder and the possibility that the unit 
cell contains a different unidentified cluster compound 
have limited the characterization of this compound.
A single-crystal X-ray analysis has confirmed a 
centered icosahedral geometry for the cluster 
[Aui 3 (P (CHa )2 PhI 1 0 CI 2 ] (PFe >3 .* 2 The different steric and 
electronic requirements of the chloro and phosphine ligands 
cause the cluster to exhibit some distortions away from the 
idealized icosahedral geometry.
The only sulfur-containing gold cluster compound found 
in the literature is [Au« (CH3 CSi ) < ] .4 3 , n  In this 
tetrameric molecule the four gold atoms are at the vertices 
of a rhomb. The four bridging ligands are alternately
above and below the plane of the metal cluster. The 
molecule has approximate D* symmetry. The four equivalent 
Au-Au distances average 3.013X and range from 2.989X to 
3.026X. The eight Au-S bond lengths vary from 2.274X to 
2.320X, with a mean distance of 2.296X.
The important gold cluster data is summarized in Table
X. Included are gold-gold distances, gold-phosphorus bond 
lengths, and geometric arrangements of the gold atoms.
2. Silver Cluster Compounds
In 1959, Xkerstrom reported that preliminary X-ray 
data of the N ,N-dialkyldithiocarbamates of s i l v e r (I) 
indicated a hexameric structure with the formula 
(R2 NCS 2 Ag)& .* 5 Hesse and co-workers established the 
discrete hexameric molecular structures of
[ (Cj Hs ) a NCSj Ag]6 , [ (CjHt IjNCSjAgjt , and [ {C3 Ht ) 2 NCOSAg] * . « 7 ■
These were the first silver cluster compounds to be 
reported.
Because of the very sparing solubi1ity of 
[ (C 2 Ha )zNCSaAg]& in all organic solvents, it was not until 
1976 that a detailed crystal structure was obtained.4’ The 
silver(I) di-n-propyldithiocarbamate and -monothiocarbamate 
are both readily dissolved by many organic solvents. This 
difference is probably linked to the fact that the diethyl 
derivative forms a doubly bent chain polymer, whereas the 
two dipropyl derivatives are octahedral. The distance 
between the terminal silver atom in one hexameric molecular
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chain and the nearest sulfur atom in the neighboring 
molecule is 2.994X. Since the sum of the ionic radii of Ag 
and S (3.10X> is larger than this distance, it was 
concluded that the terminal silver atoms in adjacent 
hexamers are bridged by a sulfur atom in a
diethyldithiocarbamate ligand, hence the chain polymer. In 
contrast, the intermolecular Ag-S distances between 
octahedrons always exceed 6A.
The geometry around the silver atoms in these 
compounds is different also. The octahedral clusters are 
comprised of six silver atoms with distorted trigonal 
planar geometry, while the hexameric chain has four silver 
atoms with a distorted trigonal planar geometry and two 
silver atoms--one on each end— that have a distorted 
tetrahedral geometry.
The silver-silver distances in [ (C 2 Hn )aNCS 2 A g ]e are 
2.841A, 2.974X, and 2.890X, with an average distance of
2.904X. These distances are close to that of the metallic 
Ag-Ag bond (2.889X), and they are slightly shorter than 
those of the octahedrons. Silver(I)
dipropyldithiocarbamate has six short and six long Ag-Ag 
distances which form a distorted octahedron. The six short 
distances range from 2.905A to 3.199X and average 3.023X.
The other h e x a m e r , [(C 3 H ? )2 N C O S A g )* , is an almost regular
octahedron and has an average silver-silver length of 
3.107X, with a range from 2.943X to 3.281X.
16
The silver-sulfur bond distances are fairly similar 
for these three centrosymmetric hexamers. In 
[(C a H a )zNCSaAg]e , there are three types of ligands: (i)
both sulfur atoms of the ligand are monod e n t a t e ; (ii) both 
sulfur atoms are bidentate with one bond being 
intramolecular and the other intermolecular; and (i i i > both 
sulfur atoms are bidentate with one sulfur bonding 
intramolecularly twice and the other sulfur having one 
intramolecular bond and one intermolecular bond. The Ag-S 
bond lengths range from 2.47lX to 2.994X and average 
2.582X.
In silver (I) dipropyldithiocarbamate, one of the 
sulfur atoms of each ligand coordinates one silver atom 
while the other sulfur atom bridges two different silver 
atoms. The Ag-S bond distances vary from 2.43X to 2.56X, 
with the distance between the silver atom and the singly 
coordinated sulfur atom being shorter than the distance 
between the silver atom and the sulfur atom which has 
twofold coordination. The mean Ag-S bond lengths are 2.45X 
and 2 .5 l X , r e spectively.
Each sulfur atom in [ (C3 H7 )2 NCOSAg]e is linked to two 
silver atoms and each oxygen atom is coordinated to one 
silver atom, analogous to the immediately preceding 
compound. The Ag-S distances average 2.46X and range from 
2.44X to 2.49X. The Ag-O distances are 2.34X, 2.36X, and 
2.38X.
1 7
Silver(I) eyelohexanethiolate was found to be somewhat 
similar to silver(I) diethyldithiocarbamate. The structure 
was described as being composed of (AgSCtHi 1 )i j cyclic 
m o l e c u l e s .3 0 3 1  The silver atoms form two parallel chains 
that are crosslinked, thus giving large cyclic structures. 
Eight of the silver atoms have three-fold, almost planar 
coordination, while four of them have two-fold, nearly 
linear coordination. The metal-metal distances range from 
2.9lX to 3.1lX in the chains and from 3.03X to 3 . 29X in the 
crosslinks, with an overall Ag-Ag average distance of 
3.06lX. The Ag-S bond distances average 2 .52X and range 
from 2.36X to 2.87X. The shortest Ag-S distances occur 
when both the silver and the sulfur have two-fold 
coordination, whereas the longest bond distances occur when 
both atoms are three-coordinated.
Three silver(I) benzenethiolate cage compounds were 
described by Dance.3* ■ 3 3 They were [Ags (S P h )? ]3 ~ ,
[Age (S P h )e 3 2- , and [Agij ISPh)1 e]^’ , all of which were 
crystallized with tetramethylammonium cations. The 
structure of the [Ags (SPh)?]1' cluster was reported as an 
approximate tetrahedron of silver atoms with the addition 
of a unique fifth silver atom in an elongated edge. All 
benzenethiolate ligands bridge two silver atoms. Four 
silver atoms possess distorted trigonal planar 
coordination, while the fifth has almost linear digonal 
coordination. The shortest Ag-Ag distance is 2.93&X.
Seven of the ten Ag-Ag distances average 3.169X, with a
1 H
range from 2.936X to 3.278X. The other three si1ver-si1ver 
distances are longer than 4X. The Ag-S bond lengths range 
from 2.360X to 2.582X and average 2.482X, with the two 
linear Ag-S bond lengths being the shortest.
The [Ag*. (SPh)e]2' cage polyhedron was shown to be 
related ideally to [Ags (SPh)?]*” before taking into account 
any distortions in either structure. If the edge directly 
opposite the elongated edge containing the fifth silver 
atom is itself also elongated to accommodate the sixth 
silver atom, then the [Agt (SPh)e]2 ~ ideal structure will be 
obtained. In reality, some distortions take place and 
instead of two linearly coordinated silver atoms and four 
trigonal planar silver atoms, the former two silver atoms 
actually have distorted tetrahedral geometries. Not only 
are they bonded to an extra sulfur atom in the polyhedron, 
but they are also each bonded to a sulfur atom in the 
adjoining polyhedrons. The Ag-Ag contacts range from 
2.959X to 3.203X and average 3.07lX.
Four benzenethiolate ligands are triply bridging and 
the other four doubly bridge silver atoms. This is the 
first reported example of an arenethiolate ligand bridging 
three metal atoms.03 The Ag-S distances, which vary from 
2.424X to 2.878X, fall into two groups. The shorter group 
ranges from 2.424X to 2.610X and has an average Ag-S 
distance of 2.520X. This group includes all twelve of the 
trigonal planar silver to sulfur bonds and two Ag-S bonds 
from each four-coordinate silver atom. The longer group
1 9
averages 2.820X and ranges from 2.706& to 2.878X. These 
four long Ag-S bonds involve the two silver atoms that are 
four-coordinate.
The [Agi * {S P h )i*]4 - cage is the result of an 
hourglass-like linkage of two [Ag* (SPh)*]2- cages. In 
other words, the centrosymmetric [Agi 2 (S Ph)i*]4 - is 
obtained by butt-joining two [Ag* (SPh)*]*- cage units at
their ideally two-coordinate silver atoms.
In 1984, Dance published the crystal structure of an 
unprecedented Ag* (SC*H*Cl)* (PPha)* molecular aggregate.54 
It contains an Ag* (SR)« central cage with terminal 
phosphine ligands on three of the silver atoms and an 
Ag(PPhs)* appendage inserted between two bridging 
thiolates. Two silver atoms have trigonal AgS 3 
coordination; two have tetrahedral AgSsP coordination; one 
has tetrahedral AgS 2 P2 ; and the last silver atom has 
distorted AgS3P coordination with one very long Ag-S bond.
Five of the thiolate ligands are triply bridging and one is
doubly bridging. The Ag-Ag distances range from 2.875X to 
3.189X and average 3-OlfiX. The Ag-S bond lengths average 
2.609& and range from 2.407X to 2.83&X except for the one 
long Ag-S distance of 3.322X. The five Ag-P bonds range in 
length from 2.40&X to 2.529X and average 2.465X.
Known clusters containing six silver atoms and 
chelating anionic thiolate ligands usually possess a 
relatively regular octahedral array of silver atoms.
Examples are the aforementioned [ (CaHa)2 NCS 2 Ag]« and
20
[ (C3 Ht )2 NCOSAgJ 6 clusters, and the [Ag6 f S* C=C{CN )z I*]•- 
anion, which will be discussed later. Dance's unique 
Ags (SC*H«C1)* (PPh3)a cluster is obviously not related to 
the previously mentioned [Age (SPh)s]l* cage, to the 
established Ag«X4<PR3 )4 cubane structure, or to 
heterometa11ic su1fide-si1ver-phosphine cages such as 
(MoSe ) 2 Ag ( PPha >4 . 3 s - s a
The highly charged ( PhCH* Eta N) s [ Ag* I Sa C=C (CN) 2 U  ] 
cluster was described as an octahedron flattened along an 
axial direction.’’ One of the sulfur atoms of the chelate 
group is bound to only one silver atom, while the other 
sulfur bridges one of the long Ag-Ag edges of the cluster. 
This results in the coordination of each silver atom by 
three sulfur atoms in the form of a pyramid. The average 
Ag-Ag distance in the [Ags ISj C=C(CN ) 2 It]6" cluster anion is 
3 . 00 8X and the Ag-Ag lengths range from 2.939X to 3.085X. 
The Ag-S distances range from 2.439X to 2.566X and average 
2.504X.
The novel (n-Bu4N>4 [Age (S2 C=C(CN >2 I t> ] cluster compound 
was reported by Birker and Verschoor.60 The 
[Aga I Sj C=C(CN)a U  ]*_ anion contains a slightly distorted 
cube of silver atoms which is inscribed in an icosahedron 
of sulfur atoms. Each silver atom lies at the center of a 
triangular planar arrangement of sulfur atoms. Both of the 
sulfur atoms in every ligand bridge two silver atoms in the 
silver cube. The range of silver-silver distances is very 
small (2.957X to 3.085X) and the average distance is
3.017X. The Ag-S bond lengths range from 2.462%. to 2.517X 
and average 2.49lX. All of this data is indicative of a 
very symmetrical structure. No other silver cluster cubes 
have been reported.
f------- “l
The crystal structure of [AgtS(CHa ) 3 CH 2 ! I ] -* was 
described as a tetrameric structure with a concave 
coordination polyhedron, designated the stella 
q u a d r a n q u l a .61 The cage-like structure is composed of four 
silver atoms and four iodine atoms situated at alternate 
corners of a highly distorted cube, with each silver atom 
further coordinated by one tetrahydrothiophene ligand.
Each silver atom coordinates three iodine atoms and one 
sulfur atom in a distorted tetrahedral fashion. The 
molecular structure may then be described as composed of 
four Agl3 S tetrahedrons sharing edges in such a way that an 
empty central tetrahedron is formed. The resulting star- 
like structure is called a stella quadrangula. The average 
Ag-Ag distance is 3.108X, with a range of 2 . 96lX to 3.189X 
for the six silver-silver distances. The Ag-S bond 
distances range from 2.528X to 2.56lX and the average 
silver-sulfur distance is 2.546X.
The next compound to be discussed in this silver 
cluster survey is very different from all the previously 
described complexes; this one does not contain sulfur- 
bearing ligands. An X-ray structure determination showed 
that 2-silver(dimethylaminomethyl)ferrocene forms an 
essentially planar square of silver atoms.62 The
2?
substituted cyclopentadienyl rings act as bridging ligands 
through one of the carbon atoms of each ring. Every silver 
atom is coordinated to two bridging carbon atoms in an 
almost linear fashion. The silver-silver distances 
(2.740A) in this cluster can indeed be called bond lengths 
since they are considerably shorter than the Ag-Ag distance 
in the metal--in fact, this appears to be the shortest 
known Ag-Ag bond length. Each silver atom is therefore 
four coordinate, bonded to two carbon atoms (with Ag-C 
distances of 2.14X and 2 . 20X) and two other silver atoms in 
a square-planar array. The Ag-Ag-Ag bond angle is 89.99° .
Most recently published is a tetranuclear dithiolate 
silver cluster comp1e x , [Ag« (u-Ci o Ht CS s >4 (p y ) 4 ] • 2 p y .6 3
Surrounding the silver tetrahedron nucleus are four u- 
dithionaphthoate and four pyridine ligands. The a -  
dithionaphthoate ligands coordinate to silver through the 
sulfur atoms. One of the sulfur atoms in each ligand 
bridges two silver atoms while the other sulfur coordinates 
to only one silver atom. Each pyridine ligand coordinates 
to a silver atom through the nitrogen atom.
The Ag4 cluster has a distorted tetrahedral 
configuration. The six Ag-Ag distances fall into two 
categories. Of the six edges of the tetrahedron, the four 
bridged by sulfur atoms are shorter, averaging 2.924X and 
ranging from 2.875X to 2.975X. The other two edges n on­
bridged by sulfur atoms average 3.563X. The silver-sulfur 
distances fall into three categories. The shortest Ag-S
2 3
bond lengths occur when silver is bonded to non-bridged 
sulfur atoms, averaging 2.470X. The others are the two 
asymmetric Ag-S distances when a sulfur atom bridges two 
silver atoms, in which one is shorter, averaging 2.503X, 
and the other is longer, averaging 2.823X.
Table II is a summary of the pertinent silver cluster 
compound information. Silver-silver distances, silver- 
sulfur distances, and geometric arrangements are tabulated.
3. Copper Cluster Compounds
X k e r s t r o m ’s article on univalent coinage metal N,N- 
dialkyIdithiocarbamates included compounds of copper, as 
well as those of silver and gold.*5 Initial X-ray data 
suggested a tetrameric structure for compounds containing 
the [R2NCSa Cu ] 4 formulation. Hesse described 
[(C a H s )2 NCSaCu]< as composed of a central Cu< tetrahedron 
surrounded by four diethyldithiocarbamate molecules.41 The 
tetrahedron is somewhat distorted, with four copper-copper 
distances equal to 2.658X and two equal to 2.757X.64 These
Cu-Cu distances are quite short and are comparable to those
in the metallic phase of the element (2.56X). Each copper 
atom has distorted trigonal planar geometry, with an 
average copper-sulfur distance of 2.265X and a Cu-S range 
of 2.24&X to 2.290X. This was the first reported copper 
cluster compound.
Several Cu« tetrahedral cluster compounds with 
thiolate ligands have been reported since that time. One
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such cluster, [Cu< (SCtHj )e was synthesized almost
simultaneously, yet independently, by two different 
research groups.68-67 Although the cation in each case is 
different, (Me«N)4 in the former and <Ph«P)* in the latter, 
the structural data for the anionic cluster are virtually 
identical. The doubly-bridging benzenethiolate ligands are 
in a distorted octahedral arrangement and bridge the edges 
of a tetrahedron of copper(I) atoms. The coordination 
about each copper is distorted trigonal planar.
A very recent redetermination of this structure has 
revealed that the previous structural determinations failed 
to note the one solvent molecule per formula unit.68 The 
truly solvent-free compound exhibits different unit cell 
dimensions and slightly different structural parameters.
The Cu-Cu distances in the cluster range from 2.693X to 
2.7 8 o X , with a mean Cu-Cu distance of 2.744X. The Cu-S 
bond distances range from 2.25lX to 2.315X with a mean Cu-S 
distance of 2.28lX.
The compound C m  [SC (NHi ) 2 ] t> (NO3 ) < - 4Ha 0 was prepared by 
Griffith, Hunt, and Amma.69 This cluster contains a 
distorted tetrahedral central Cu« S* core with four trigonal 
planar copper atoms. The six bridging sulfur atoms are 
arranged in an approximate octahedral array. In this 
[Cu« (tu>6]4' ion, the Cu-Cu distances vary from 2.833X to 
3.093X. The trigonal planar Cu-S distances range from 
2.19X to 2.3lX.
2 7
Another tetranuclear copper-thiolate cluster is 
(PPh< )2 [Cu« {o - (SCHa ItCtKi I 3 ]■ CH 3 C N .7 » The anion consists 
of an essentially tetrahedral arrangement of copper atoms, 
each edge of which is spanned by a j^-sulfur atom; one 
sulfur atom from each chelate bridges across an edge of the 
base of the tetrahedron and the other sulfur atom links 
between a basal copper atom and the apical copper atom.
The three chelates form a "propeller" about the Cu« S« core 
which produces an overall symmetry for the anion which is 
approximately Co
The Cu-Cu distances in [Cu< [o - {SCHa )2 C>H 4 I 3 ]*" range 
from 2.699& to 2.739X, with a mean value of 2.726&. The 
coordination about each copper in the anion is distorted 
trigonal planar. The Cu-S bond lengths are typical of such 
coordination, varying from 2.24 4& to 2.300& and having an 
average Cu-S distance of 2.272&.
The last copper cluster with a tetrahedral geometry to 
be discussed is Cu« [ (1 -C 3 Ht0) 2 PS a ] 4 .71 Chelated to the 
central distorted tetrahedron through sulfur atoms are four 
effectively tridentate (CiHtO)j PS2 ligands, which produce a 
symmetry approaching S * . Of the six Cu-Cu distances which 
form the edges of the tetrahedron, the four which are 
bridged by sulfur average 2,74& and the two not bridged 
average 2.950&. Each copper atom exhibits distorted 
trigonal planar coordination. One sulfur atom in each 
ligand is coordinated to two copper atoms almost 
symmetrically with average distances of 2.2 56& and 2.27 2 X;
28
the other sulfur atom bonds to a third copper atom at an 
average distance of 2.272X. The Cu-S bond lengths range 
from 2.247X to 2.289X. The two sulfur atoms in each ligand 
thus play different roles in the copper chelation. This 
difference is reflected in the P-S bond lengths. The 
sulfur donating only one electron pair to the copper 
tetrahedron (the non-bridging sulfur) is more tightly 
bonded to phosphorus than is the bridging sulfur that 
donates two electron pairs to the tetrahedron. The 
corresponding P-S average distances are 1.972X and 2.036X, 
respect i ve1y .
An unusual tetrameric copper cluster was reported by 
Lappert and co-workers.72 - 73 Because of its uniqueness, it 
is included in this survey even though it does not contain 
sulfur atoms. The [C u (CH 2 SiMe3 )]* complex consists of a 
centrosymmetric tetranuclear unit with a square plane of 
copper atoms. The methylene carbon atoms symmetrically 
bridge adjacent pairs of copper atoms and lie in the Cu« 
plane, thus forming a Cu< Ci slightly puckered square. The 
Cu-Cu distances are 2.418X and 2.417X. The copper-carbon 
bond lengths range from 1.98X to 2.04X and average 2.02X.  
Neglecting Cu-Cu interactions, the coordination at copper 
is approximately linear.
The final tetranuclear copper cluster reported here is 
also rather unusual. The structure of the [Cu4 (1- 
methylpyrimidine-2-thione ) *, ] 4 * cation comprises a planar 
centrosymmetric array of four copper atoms which form a
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parallelogram consisting of two nearly equilateral 
triangles.7 « The sides of the parallelogram have Cu-Cu 
distances of 2.713X and 2.82 4X, while its short diagonal 
has a Cu-Cu separation of 2.839X. This Cu« cluster is 
encompassed by six thione ligands which bind in three 
different ways: type 1, which bridge two copper atoms via
sulfur and a third copper atom via the non-methylated 
ni t rogen atom; type 2 , whi ch br idge a pair of copper a toms 
via sulfur; and type 3, whi ch are bonded terminally through 
sulfur. The coordination about each copper atom is 
distorted trigonal planar. The terminal copper-sulfur bond 
length is 2.24lX and the bridging Cu-S bond distances range 
from 2.264A to 2.356A and average 2.299X. The Cu-N bond 
length is 2.035X.
Very few examples of pentanuclear copper clusters have 
been published. Dance reported one such compound,
(Me«N)j [Cus (SPh)?], which is isostructura1 with its 
aforementioned silver homologue.32•73 This polyhedron can 
be described as a distorted tetrahedron of copper atoms 
with one elongated edge which accommodates the fifth copper 
a tom. All the benzene thiola te 1igands are doubly br idgi n g . 
Four copper atoms possess trigonal planar coordination, 
whereas the fifth copper atom possesses nearly linear 
(175°) two-coordination. The shortest Cu-Cu distance is 
2.647X, Seven of the ten Cu-Cu distances average 2.918X, 
with a range from 2.647X to 3.125X. The other three Cu-Cu 
distances are much longer. The Cu-S bond 1engths range
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from 2.159X to 2.330X and average 2. 254&, with the two 
linear Cu-S bond lengths being the shortest.
The other pentanuclear copper cluster compound 
possesses a regular trigonal bipyramidal framework. The 
(Et^ N) [Cua [^2 -S-t-Bu>6] cluster has its five c o p p e r (I ) 
atoms enclosed within a trigonal antiprism of doubly- 
bridging thiolate ligands.7 6 ■77 The Cu-Cu distances 
average 2.72X for the C u {a x )- C u {e q ) and 3.23X for the 
Cu(eq)-Cu(eq) lengths. Each of the six thiolate sulfur 
atoms bridges an axia1-equatorial pair of copper atoms such 
that the two axial copper atoms possess trigonal planar 
coordination and the three equatorial copper atoms have 
linear coordination. The Cu(eq)-S average bond length of 
2.16X is si gnificantly shorter than the Cu(ax)-S average 
bond length of 2.28X.
A typical hexameric copper cluster compound is 
[ (C3H7 )2 NCOSCuJt .7B The copper atoms form a 
centrosymmetric regular octahedron. A monothiocarbamate 
ligand is situated outside six of the faces of the 
octahedron. The sulfur a tom of each 1 igand coordinates two 
copper atoms and the oxygen atom coordinates a third copper 
atom. The metal coordination is threefold and n o n p l a n a r , 
with each metal atom coordinating two sulfur atoms and one 
oxygen atom. The distances between adjacent copper atoms 
in the octahedron have values ranging from 2.70X to 3.06X, 
with an average Cu-Cu distance of 2.88X. The copper-sulfur
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distances range from 2.20& to 2.25X and average 2.23X. The 
Cu-O bond distances are 2.06&, 2.08& and 2.09X.
A rare polycyclic hexanuclear copper cluster compound 
is (Ph4 P )2 [Cut (St )]S9 ] , which has complete sulfur 
coordination.7* The hexanuclear metal frame is held 
together by the unusual coordinating properties of three 
tetrasulfido groups and an additional pentasulfido ligand. 
The architecture of the copper framework can be described 
in terms of two distorted metal tetrahedrons which share 
one edge. Each terminal sulfur atom of the three bidentate 
S*a" ligands bridges two adjacent copper atoms resulting in 
short Cu-Cu contacts of 2.69S& and 2.790X for the chelating 
ligands and significantly longer ones of 2.92 8* for the 
non-chelating ligand.
Another novel coordination principle is realized by 
four of the five sulfur atoms of the tetradentate Sb2' 
ligand which form a total of six Cu-S bonds. Both terminal 
sulfur atoms bridge opposite edges of two fused metal 
triangles resulting in Cu-Cu separations of 3.079X, which 
are significantly shorter than those not associated with a 
sulfur bridge, specifically 3.265X and 3.409X. The average 
copper-copper distance is 3.006&. Each copper atom has a 
distorted trigonal planar geometry with Cu-S bond distances 
ranging from 2.180X to 2.309X.
Coucouvanis and co-workers have investigated several 
cubic octanuclear copper cluster compounds:
[Ph(CHa >3N]« [Cu> {SaC-CfCNja It ] , (PhtPU [Cut {S« CtO» >• ] ■ CHsCN,
32
and < Bu* N)* [Cu» (Si C = C (COOCiHsliJft].90*81 In the structures 
of these ionic clusters, the eight copper atoms are 
arranged in the corners of a nearly perfect cube which is 
inscribed in a distorted icosahedron defined by twelve 
sulfur atoms contributed by the six dithiolate ligands.
Each sulfur atom is coordinated to two copper atoms across 
an edge of the cube. Each copper atom is trigonally 
coordinated by three sulfur atoms of three different 
1igands. The Cu-Cu average distances in these three 
compounds are 2.829A, 2.8 4 4X, and 2.790X, respectively.
The corresponding Cu-S average bond lengths are 2.2 5oX, 
2.247X, and 2.24 8 X .
A unique decameric copper cluster framework is 
exhibited by C u m  [ S aCCH(COO-t-Bu) 2 J 6 [SiC = C{COO-t-Bu) 2 ]2 . 9 3 
This structure consists of two Cu* distorted tetrahedrons 
related by a crystallographic center of symmetry. The 
orientation of these two units is such that only one copper 
atom in each unit is close to the center of symmetry and 
2.872X away from each other. The remaining two copper 
atoms are coordinated by ligand donor atoms on both 
tetrahedral units and therefore bridge the two units.
In the two Cu* (t-Bu2DEDH>3 (t-Bu*DED) fragments, [Note: 
t-BuaDED is an abbreviation for the 1,1-dicarbo-tert- 
butoxy-2,2-ethylene dithiolate ligand] the four ligands are 
centered above and bisect each of the four faces of the 
distorted Cu* tetrahedron. On each face two of the copper 
atoms are bridged by one of the sulfur atoms, while the
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third copper atom is coordinated by the other sulfur atom 
of the chelating ligand. Of the four ligands surrounding 
each of the Cu* units, three are protonated at the 
ethylenic carbon adjacent to the CS 2 unit and are dithio 
acid monoanions. The fourth ligand is an ethylene 
dithiolate dianion. This unique ligand connects the Cu< L< 
fragment to the "bridging" copper atom by coordination via 
an oxygen atom and a sulfur atom. A third coordination 
site on the bridging copper atom is occupied by a dithio 
acid sulfur on the adjacent Cu< U  fragment.
The coordination geometry of each copper atom in the 
Cu* Ss unit is distorted trigonal planar, with every copper 
atom coordinating one sulfur atom from each of three 
different ligands. The twelve Cu-S bond distances in this 
unit range from 2.230X to 2.322X, with an average Cu-S 
distance of 2.269X. Quite short Cu-S bond lengths of 
2.187X and 2.209X are found in the CuSzO unit that contains 
the "bridging" copper, and the Cu-O bond length is 1.898X. 
The copper-copper separations range from 2.656X to 3.056X 
and average 2.820X within the Cu* tetrahedrons. Including 
the distance between tetrahedrons (2.872X) and the distance 
from one tetrahedron to a "bridging" copper atom (3.438X), 
the overall Cu-Cu average distance is 2.906X for this 
decanuclear c o m p o u n d .
The final copper cluster to be discussed unveils an 
entirely different class of ligands. The tetranuclear 
copper cluster co m p l e x , [Cu* ( u-Ci 0 H 7 CS 2 S I * ]• l/2CSz ,
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possesses a trithioperoxycarboxylate l i g a n d . T h e s e  
sulfur-rich ligands are formed by sulfur addition reactions 
with metal complexes containing sulfur-coordinated ligands. 
These initial studies were published in 1967 by Coucouvanis 
and F a c k l e r .B 3
Sodium a-di thionaphthoate was used to synthesize this 
first reported copper cluster comprised of 
trithioperoxycarboxylate ligands. Surrounding the 
tetrahedra1ly-distorted Cu< cluster are four a - 
trithioperoxynaphthoate ligands, coordinated to copper 
through two of the sulfur atoms. One of the sulfur atoms 
in each ligand bridges two copper atoms, while the other is 
coordinated to only one copper atom. Each CS 2 S group with 
the copper atom on the vertex of the tetrahedron forms a 
five-membered ring. The copper atoms exhibit trigonal 
planar geometry. The copper-copper distances fall into two 
categories. Of the six edges of the Cu« tetrahedron, the 
four bridged by sulfur atoms average 2.789X and range from 
2.70lX to 2.90lX, while the other two Cu-Cu distances are 
2.991X and 3.064X. The mean value of the twelve individual 
Cu-S bond distances is 2.24lX, and they range from 2.218X 
to 2.287X. The sulfur-sulfur bond lengths range from 
2.0 3 8X to 2.047X and average 2. 044X.
The significant copper cluster data is outlined in 
Table III. Copper-copper distances, copper-sulfur bond 
lengths, and geometric arrangements are enumerated.
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C. SCOPE OF THE PRESENT RESEARCH
The current research was initiated as a result of the 
report by Piovesana and co-workers of the first gold 
dithiocarboxylate cluster com p o u n d .** The gold{I) 
dithioacetic acid tet r a m e r , Au« (dta)« , was characterized by 
a single-crystal X-ray structure determination. A gold(I) 
dithiobenzoic acid derivative of stoichiometry Au(dtb) was 
obtained but was "practically insoluble in any 
s o l v e n t .... The many attempts to obtain single crystals of 
Au(dtb), in any considerable size, failed c o m p l e t e l y . ^  
This statement provided the motivation for studying the 
reactions of a series of substituted dithiobenzoates with 
not only gold, but silver and copper as w e 11. Once these 
new complexes were synthes ized, solubility problems were 
encountered in many instances. This difficulty was 
partially circumvented by employing solid-state 13C NMR 
spectroscopy to aid in the characterization of these 
c o m p o u n d s .
Single-crystal X-ray diffraction studies were done to 
determine the structures of several new gold, silver, and 
copper cluster compounds. Products from the reaction of 
these clusters with triphenylphosphine were also identified 
by X-ray structure determinations. Most of these new 
complexes were also characterized using chemical analyses, 
thermal an a l y s e s , and spectral s t u d i e s .
IX. EXPE R I M E N T A L
A . MATERIALS
In most of the following experiments, reagent grade 
chemicals were used without further purification. The 
source of the reagents used in this work, or the 
preparation of t h e m , is summarized b e 1o w .
1. Solvents
Acetone, benzene, cyclohexane, and dimethyl sulfoxide 
were purchased from J. T. Baker Chemical Company and used 
without further purification.
Pyridine, 1- ch1oronaphtha1e n e , and N ,N- 
dimethylformamide were purchased from Fischer Scientific 
Company and used without further purification.
Ethanol USP absolute-200 proof was obtained from Aaper 
Alcohol and Chemical Company.
Carbon disulfide was acquired from Mallinckrodt 
Chemical Company and used without further purification.
Aldrich Chemical Company was the supplier of the 
diethyl ether and all the deuterated NMR solvents: 
chloroform-d, acetone-de , and pyridine-ds , as well as the 
internal NMR standard tetramethylsilane.
Chloroform and dichloromethane were supplied in bulk 
quantities by Dow Chemical Company. They were purified by
3 8
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fractional distillation and stored over Linde type 4A 
molecular sieves.
2. Reagents and Starting Materials
Sodium tetrachloroaurate dihydrate was synthesized by 
the process described by Gmelin.06
Silver nitrate and cadmium nitrate tetrahydrate were 
purchased from General Chemical Company.
J* T. Baker was the source of the cupric nitrate 
trihydrate, mercuric chloride, and triphenylphosphine.
Zinc nitrate hexahydrate was obtained from MCB 
Chemical Company.
Sodium diethyldithiocarbamate trihydrate was purchased 
from A l d r i c h .
B. ANALYTICAL PROCEDURES, PHYSICAL MEASUREMENTS, AND
TECHNIQUES
Melting points were taken with either a Thomas-Hoover 
or an Electrothermal capillary melting point apparatus and 
they are uncorrected.
A Dupont Model 900 Thermal Analyzer was used to obtain 
differential thermal analyses (DTA) from which melting 
points and/or decomposition points were obt a i n e d . These 
melting points/decomposition points were uncorrected. A 
Dupont Model 950 Thermogravimetric Analyzer was used in
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conjunction with the DTA for thermogravimetric analyses 
(TGA). To protect the samples from moisture and oxygen 
during the thermal analyses, the sample compartment was 
purged with a flow of nitrogen.
It should be noted here that although thermal analysis 
is a very useful technique, its accuracy can be affected by 
instrumental factors, such as heating rate, speed and 
response of the recording equipment, and location of the 
thermocouples in the sample and reference chambers.
Another set of factors influencing results depend on the 
sample characteristics, which include particle size, 
packing density, amount of sample, and the thermal 
conductivity of the sample material.87 When utilizing TGA 
to determine the portion of sample remaining at 1000°C 
(percent r e s i d u e ) , it was realized that this result must be 
viewed in conjunction with elemental analysis because the 
TGA result may differ from the calculated value by as much 
as 5%, Nevertheless, this instrument provided a quick and 
inexpensive method for determining the approximate amount 
of metal in a c o m p o u n d .
Infrared (IR) spectra were recorded on either a 
Perkin-Elmer Model 621 or a Model 283-B infrared grating 
spectrophotometer in the 4000-200cm-1 region. Spectra were 
calibrated with polystyrene. Solids were run as mulls 
using nujol as the mulling agent. Csl plates were 
routinely used to record spectra below 500cm- 1 . NaCl 
plates were only used when the mulls caused the Csl plates
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to darken. The absorptions are designated as: vs=very
strong, s=strong, m=medium, w*weak, sh=shoulder, and 
br»broad.
A Cary Model 14 recording spectrophotometer was used 
to measure visible-ultraviolet spectra at ambient 
temperature. Coleman matched Spectrosil cells with a 10mm 
light path were used. Other visible-UV spectra were 
obtained using a Hewlett Packard 8451A Diode Array 
Spectrophotometer and a Pyrocell 1.5ml quartz cell with a 
10mm path length.
The 1H and 31P NMR spectra were obtained on either an 
IBM A F /100 FTNMR spectrometer or a Bruker AM400 FTNMR 
spectrometer, both operating at 298K. The 13C NMR 
solution-state spectra were obtained on the latter 
instrument also. Spectra were taken in deuterated 
chloroform-d, acetone-d*, and pyridine-ds according to 
their solubilities and tetramethysilane (TMS) was used as 
the internal standard.
All solid-state carbon-13 NMR spectra were collected 
by Dr. David C. Lankin on a Varian Associates VXR-300 high 
resolution Fourier transform super-conducting (7.05T) NMR 
spectrometer. They were obtained using a 7mm broad band 
solids probe (Doty Scientific, Columbia, SC). Samples were 
spun at the "magic angle” (54.6°) with Na gas using 7mm 
o.d. sapphire rotors at spinning speeds of 5KHz. The 
decoupling field as calibrated using liquid dioxane was 75- 
SOKHz. The pulse width for carbon observation with cross-
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polarization was 5.9jmS. All solids data were collected 
using the standard Varian pulse sequence XPOLAR.
The X-ray crystal structure determinations were 
performed by Dr. Frank R. Fronczek. Intensity data were 
obtained on Enraf-Nonius CAD4 diffractometers equipped with 
MoK i( *=0.71073X) or CuK i( 1=1.54184X) radiation and graphite 
monochromators. Data were collected by w-2 h scans of 
variable speed in order to measure all significant 
intensities with approximately equal relative precision. 
Data reduction included corrections for background,
Lorentz, polarization, decay (when necessary) and 
absorption effects. The absorption corrections were based 
on i| scans of reflections near * = 90° . The structures were 
solved by direct or heavy atom methods and refined by full- 
matrix least squares based on F with weights w=u_2 (F o ), 
using the Enraf-Nonius SDP programs.08
Carbon, hydrogen, nitrogen, and sulfur analyses were 
either carried out on a Perkin-Elmer Model 240 Elemental 
Analyzer by Mr. Ralph L. Seab of the LSU Department of 
Chemistry staff, or by MicAnal Organic Microanalysis in 
Tucson, Arizona, or by Galbraith Laboratories, Inc. 
Quantitative Microanalyses in Knoxville, Tennessee.
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C. PREPARATION OF COMPLEXES
1 . Gold Di thiobenzoates
The gold dithiobenzoate complexes were prepared by 
reacting sodium tetrach1oroaurate dihydrate with the 
appropriate tetraa1kylammonium salt (either 
tetraethylammonium or tetra-n-propy1ammoniurn) of the 
following substituted dithiobenzoates: o-
methyldithiobenzoate, 2,4,6-trimethyIdithiobenzoate, p-
methoxydithiobenzoate, p - fluorodithiobenzoate, p -  
benzoy1dithiobenzoate, 1-dithionaphthoate, p-
formyldithiobenzoate, p-acetyIdithiobenzoate, and p -  
phenyldithiobenzoate. These ligands were prepared by Dr. 
Terry G. Roberie and used with his permission, or they were 
synthesized by the author via R oberie's published 
methods .M ' 90
(a) He x a k i s (o-methyldithiobenzoato)h e xagold(I ), [Au& (o-
CHj Ci H4 CSz ) *, ]
To a stirred solution of 0.500g (1.41mmole) of n-
Pr^N[o-CHaCeH«CSz] in 20ml of DMF was added 0.281g 
(0.706mmole) of NaAuCl«•2HzO dissolved in 20ml of DMF. The 
resulting orange solution was either warmed slightly for 15 
minutes or stirred for four hours to initiate the reaction. 
This solution stood for a day, after which time the 
reddish-purple precipitate was collected by suction 
filtration, washed with DMF, and air-dried. Dark red
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needles of the hexameric product were formed by slow 
evaporation of a CS 2 solution. Yield: 74%. M.p. 235-
2 3 8° C (d e c o m p . ) . Anal . Calcd. for Aui, (S2 C» H7 It : C, 26.38;
H, 1.94; Au, 54.08. Found: C, 26.67; H, 1.99; Au, 56.09
{from TGA residue).
(b) Bis { 2,4,6-trimethyldithiobenzoato)d i g o l d {I ) ,
[AU2 {2,4,6-(CHa ) 3 Ce H 2 CS 2 )2 ]
To a stirred solution of 0.500g (1.31mmole) of n- 
P r « N [2,4,6 -(CH 3 )aCeH 2 C S 2 ] in 20 ml of DMF was added 0.260g 
(0.654mmole) of NaAuCl« 2 H 2 O dissolved in 10ml of DMF. The 
pale-orange solution was stirred for 24 hours, then suction 
filtered. The reddish-brown precipitate was washed with 
DMF and air-dried. Dark reddish-brown needles of the dimer 
were formed by slow evaporation of a 4:4:1
CSz/CHCla/acetone solution. Yield: 84%. M.p. 265-268°C.
A n a l . Calcd. for Au:(S 2 C 1 0 H 1 1 { 2  ; C, 30.62; H, 2.83; Au, 
50.21. Found: C, 30.34; H, 3.03; A u , 52.61 (TGA residue).
(c) (p-Methoxydithiobenzoato)g o l d (I ) Complex, [Au* (p-
CH3 OCe H« CS 2 ) x ]
A solution of 0.103g (0.259mmole) of NaAuClt ■ 2 H 2 O in 
15ml of DMF was added to 0.172g {0.549mmole) of Et« N[p- 
CHa OCe H« CS 2 ] dissolved in 20ml of DMF. A reddish-brown 
precipitate was evidence of an immediate reaction. The 
reddish-brown solution stood for two hours. The 
precipitate was collected by suction filtration, washed
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with DMF, and air-dried* This complex was insoluble in 
most common organic solvents. Yield: 56%. M.p. 244°C
(decomp.) A n a l . Calcd. for Au(SaCgH70): C, 25.27; H,
1.86; Au, 51.80. Found: C, 25.34; H, 1.86; A u , 50.7 2 (TGA 
residue).
(d) (g-Fluorodithiobenzoato)gold(I ) Complex, [Au* (p-
FC6 H« CSj ) * ]
A solution of 0.187g (0.47Ommole) of NaAuCl« 2 H 2 O in
10ml of DMF was added to 0.209g (0.693mmole) of Et«N[p- 
FC«,H*CSa] dissolved in 20ml of DMF. A brownish-purple 
precipitate was evidence of an immediate reaction. The 
brownish-purple solution stood for four hours. The 
precipitate was collected by suction filtration, washed 
with DMF, and air-dried. This complex was insoluble in 
most common organic solvents. Yield: 63%. M.p. 276-277°C
{decomp.). Anal. Calcd. for Au(S 2 CtH«F}: C, 22.83; H,
1.10; Au, 53.49. Found: C, 23.11; H, 1.03; A u , 55.84 (TGA
res idue) .
(e> (1-Dithionaphthoato)g o l d (I ) Complex, [Au* ( i-
Ci o H t C S z ) * ]
A solution of 0.103g (0.260mmole) of NaAuCl* 2Hz 0 in
15ml of DMF was added to 0.230g (0.590mmole) of n-Pr«M[a- 
Cio Ht CSi ] dissolved in 10ml of DMF. The orange solution 
was warmed for 15 minutes to initiate the reaction. The 
next day, a brown precipitate was collected by suction
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filtration, washed with DMF, and air-dried. This complex 
was insoluble in most common organic solvents. Yield:
85%. M.p. 243-244° C . A n a l . Calcd. for A u (Ss C i i Ht ) : C,
33.01; H, 1.76; A u , 49.21. Found: C, 31.39; H, 1.70; Au ,
52.18 (TGA residue).
(f) (p-Benzoyldithiobenzoato)g o l d {I ) Complex, [Au* (p- 
C6 H3 COC6 H« CS2 ) x ]
To a solution of 0,231g (0.521mmole) of n-Pr*N[p-
Ct Hs COC6 C S j ] in 15ml of DMF was added 0.0985g 
(0.248mmole> of Na A u C l * ■ 2H2 O dissolved in 20ml of DMF. An 
immediate reaction resulted in the appearance of a 
brownish-tan precipitate. This precipitate was collected 
by suction filtration, washed with DMF, and air-dried on 
the following day. This complex was insoluble in most 
common organic solvents. Yield: 96%. M.p. 243-245°C.
Anal . Calcd. for A u (S2C m H 90) : C, 37.01; H, 2.00; A u ,
43.35. Found: C, 37.28; H, 1.93; A u , 45.58 (TGA residue).
(g) (p-Formyldithiobenzoato)g o l d {I ) Complex, [Aux (p- 
CHOCb H< C S 2 ) x ]
To a solution of 0.207g (0.562mmole) of n-Pr«N[p- 
CHOCeH«CS2 ] in 10ml of DMF was added 0.102g (0.256mmole} of 
NaAuCl*'2H2 0 dissolved in 15ml of DMF. The orangish-brown 
precipitate that appeared immediately stood for four hours. 
It was then collected by suction filtration, washed with 
DMF, and air-dried. This orangish-brown precipitate was
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insoluble in most common organic solvents. Yield: 69%.
M.p. 270° C (d e c o m p .) . A n a l . C a l c d . for A u (S2 Ce Ha O ) : C ,
25.41: H, 1.33; Au, 52.08. Found: C, 25.50; H, 1.34; Au ,
56.63 (TGA residue).
(h) (p-AcetyIdithiobenzoato)g o l d (I ) Complex, [Aux (p-
CH 3 COC6 Hi CSa )X ]
A solution of 0.117g (0.293mmole) of NaAuCli ■ 2Hj 0 in 
15 ml of DMF was added to 0.207g (0 - 637mmole) of Et«N[p-
CH 3 COCfc Hi CS 2 ] dissolved in 10ml of D M F . A reddish-brown 
precipitate appeared immediately. After standing for four 
hours, it was collected by suction filtration, washed with 
DMF, and air-dried. This complex was insoluble in most 
common organic solvents. Yield: 74%. M.p. 284°C
(d e c o m p .). A n a l . Calcd. for Au(S 2 C 9 H 7 O): C, 27.56; H,
1.80; Au, 50.21. Found: C, 28.21; H, 1.86; A u , 53.38 (TGA
r e s i d u e ).
(i) (p-Phenyldi thiobenzoato)g o l d (I ) Complex, [Aux (p- 
Cfc Ha Ct, Hi CSz ) x ]
To a solution of 0.200g (0.4 81mmole) of n-Pri N[p- 
C6 Ha C6 H» CS 2 ] in 15ml of DMF was added 0.0900g (0.226mmole)
of NaAuCli 2 H 2 O dissolved in 15ml of DMF. An immediate
reaction produced a brown precipitate which stood 
overnight. The precipitate was collected by suction 
filtration, washed with DMF, and air-dried. This brown 
precipitate was insoluble in most common organic solvents.
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Yield: 87%. M.p. 24 5°C. A n a 1 . Calcd. for A u (Sz Ci 3 H 9 ) :
C, 36.63; H, 2.13; A u , 4 6.20. Found: C, 38.16; H, 2.02;
Au, 45.38 (TGA residue) .
(j) Bis(p-phenyldithiobenzoato)g o l d (I I ) Complex, [Au* (p- 
C„ Hs Cfc H« C S 2 ) 2 X J
A warm solution of 0.102g {0.256mmole) of NaAuCl< ■ 2H2O
in 15ml of DMF was added to 0.222g (0.534mmole) of n- 
Pr^K[p-CfcHsCeH4 CS 2 ] dissolved in 10ml of DMF. An immediate 
reaction resulted in the formation of a purplish-brown 
precipitate. After standing overnight, the precipitate was 
collected by suction filtration, washed with DMF, and air- 
dried. This complex was slightly soluble in hot 1- 
chloronaphthalene, resulting in a green solution. It was 
insoluble in other common organic solvents. Yield: 73%.
M.p. 260-264° C . A n a l . Calcd. for A u (S 2 Ci 3 Ho )2 : C, 47.63;
H, 2.77; Au, 30.04. Found: C, 46.90; H, 2.64; A u , 31.01
(TGA residue > .
(k ) T r i s {p-phenyldithiobenzoato)g o l d (I I I ) Complex, [Aux (p- 
Ct, Hs Ce H< CS 2 ) a N ]
To a solution a 0.500g (1.20mmole) of n-Pr< N[p-
C*. Ha C 6 H 4 CS 2 ] in 20 ml of DMF was added 0.239g (0.60lmmole)
of NaAuCl4*2H2 0 dissolved in 10ml of DMF. An immediate 
reaction produced a purplish-brown precipitate which stood 
for one hour. The solution was then gravity filtered and a 
brown precipitate was collected, washed with DMF, and air-
49
dried. This brown precipitate was insoluble in most common 
organic solvents. Yield: 94%. M.p. 240-243°C. A n a l .
Calcd. for A u (S2 Ci 3 H 9 )3 : C, 52.93; H, 3.08; S, 21.74; A u , 
22.26. Found: C, 52.35; H, 3.06; S, 21.65; A u , 22.94 (by 
difference).
2. Silver Dithiobenzoates
The silver dithiobenzoate complexes were prepared by 
reacting silver nitrate with the tetra-n-propylammonium 
salts of 2 ,4,6 -trimethyldithiobenzoate, o- 
methyldithiobenzoate, and £>-phenyldi thiobenzoate.
(a) Tetra-n-propylammonium h e x a k i s (2,4,6 -
trimethyldi thiobenzoato)tetrasilver(I) h e m i - N ,N- 
dimethylformamide hydrate, ((C 3 H t )*N] 1 [Ag< (2,4,6 - 
(CHs ) 3 Ct Ha CSa )< ] 1/2DMF Ha 0
To a stirred solution of 0.0500g (0.131mmole) of n- 
Pr<N[2,4, 6 - (CHa)aC«HaCSa] in 10ml of DMF was added O.OllOg 
(0.0648mmole) of AgN0 3 dissolved in 10ml of DMF. The 
resulting orange solution was warmed for several hours.
Upon cooling to room temperature, the solution yielded 
reddish-orange crystals which were collected by gravity 
filtration, washed with DMF, and air-dried. Slow 
evaporation of the DMF solvent yielded crystals suitable 
for X-ray analysis. M.p. 138®C {decomp.).
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(b) Tris(pyridine)tetrakis(2,4,6-trimethyldithiobenzoato) 
tetrasilver(I ) hemipyridine, [Ag* (2,4,6-
(CHa )aCeH*CS* (py)a ] ■ l/2py
To a stirred solution of 0.0500g (0.131mmole) of n- 
Pr« N (2 , 4 , 6 - (CHs ) 3 C* Ha CSi ] in 10ml of DMF was added 0.0220g 
(0.130mmole) of AgNOa dissolved in 5ml of DMF. The orange 
precipitate that resulted immediately upon mixing was 
collected by suction filtration after one hour, washed with 
DMF, and air-dried. This orange precipitate was insoluble 
in most common organic solvents with the exception of 
pyridine. Yield: 8 8 %. M.p. 238-240°C. A n a l . Calcd. for
A g {SaCioHii): C, 39.61; H, 3.66; S, 21.16; A g , 35.68.
Found: C, 39.68; H, 3.67; S, 21.44; Ag, 35.21 (by
difference). A recrystallization from pyridine yielded 
reddish-orange crystals which were washed with pyridine and 
air-dried. Slow evaporation of pyridine yielded crystals 
suitable for X-ray analysis. Yield: 53%. M.p. 17 2° C
(d e c o m p .).
(c) Tetrakis(o-methyldithiobenzoato)tetrakis(pyridine) 
tetrasilver (I) , [ Ag* ( o-CHa Ct H< CSi ) ^ (py) 4 ]
To a stirred solution of 0.200g (0.566mmole) of n- 
Pr*N(o-CH3CtH«CSz] in 40ml of DMF was added 0.0955g 
(0.562mmole) of AgNOs dissolved in 20ml of DMF. The 
yellowish-orange precipitate which formed immediately was 
collected by gravity filtration the next day, washed with 
DMF, and air-dried. This product was insoluble in most
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common organic solvents with the exception of pyridine. 
Yield: 73%. M.p. 180-182°C. A n a l . Calcd. for A g (SiCt Ht ) :
C, 34.92; H, 2.56; S, 23.31; A g , 39.21. Found: C, 35.19;
H, 2.58; S , 23.06; A g , 39.17 (by difference), 40.78 (TGA
residue). This yellowish-orange precipitate was dissolved 
in pyridine, which was allowed to slowly evaporate to yield 
orange crystals suitable for X-ray analysis.
(d) (p-Phenyldithiobenzoato)silver(I) Complex, [Ag* (p- 
C6 Ha C6 H< C S2 ) * ]
To a stirred solution of 0.200g {0.48lmmole} of n-
Pr< N tp-C& HaCftH^CSi] in 20ml of DMF was added 0.0810g 
{0.477mmole) of AgNOs dissolved in 15ml of DMF. An 
immediate reaction resulted in the appearance of a reddish- 
purple precipitate. After one hour, the precipitate was 
collected by gravity filtration, washed with DMF, and air- 
dried. This product was insoluble in most common organic 
solvents. Yield: 83%. M.p. 234-236°C. Anal. Calcd. for
Ag(S2 C 1 ): C, 46.30; H, 2.69; S, 19.02; A g , 31.99.
Found: C, 46.39; H, 2.69; S, 19.35; A g , 31.57 (by 
d i f f erence) .
3. Copper Trithioperoxybenzoates and Dithiobenzoates 
The copper trithioperoxybenzoate and copper 
dithiobenzoate complexes were prepared by reacting cupric 
nitrate tr ihydra te with the tetra-n-propylammonium salts of
5 ?
2 , 4 , 6 - tr im.ethy Id i thi obenzoat e , o-methyldithiobenzoate, and 
p-phenyldi thiobenzoa t e .
(a) Tetrakis{2,4,6-trime thy1tr i thioperoxybenzoa t o ) 
tetracopper (I), [Cm 12,4,6- <CH3 ) 3 Ct Ha C Ss S ] « ]
M ethod 1: To a stirred solution of 0.0 300g
(0.07 8 6 m m o l e ) of n - P r < N [2,4,6 - (CHa )jCeHjCSj ] (the 
dithiobenzoate} in 10ml of DMF was added 0.0185g 
{0.0766 m m o l e } of Cu(N 0 3 )z ■ 3HiO dissolved in 10ml of DMF.
The solution was stirred for two hours. After standing for 
three days, a precipitate began to form. A week later the 
mixture was suction filtered. The orange-purple 
precipitate was air-dried overnight then dissolved in a 1 : 1  
CS2 /acetone solution. This orange solution was placed in 
an NMR tube for slow evaporation and crystal growth. After 
ten days orange crystals were obtained which were suitable 
for single-crystal X-ray study. One acetone solvent 
molecule per cluster molecule was found during the X-ray 
analysis. Over a period of months, these crystals were 
unstable with respect to solvent loss.
Method 2 : To a stirred solution of 0.189g
{ 0 . 7 82irtmole ) of Cu (NCb ) 2 ■ 3 H 2 O in 30ml of DMF was added 
0. 300g (0.786mmole) of n - P r « N [2,4,6 -(CH 3 )aCtHzCS 2 ) 
dissolved in 30ml of DMF. The solution was stirred 
overnight, then gravity filtered. The purple product was 
air-dried, then dissolved in a 3:2 CS 2 /acetone solution.
The resulting orange solution was placed in an NMR tube for
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slow evaporation and crystal growth. After two weeks 
orange crystals were obtained which were suitable for 
single-crystal X-ray structure determination. These 
hexagonal needles also had solvent molecules associated 
with them, but the disorder was so severe that the solvent 
could not be identified. These crystals were much more 
stable to loss of solvent.
Method 3 : To a stirred solution of 0.300g
{ 0 . 78 6 mmole ) of n - P n  N [ 2 , 4 , 6 -( CH 3 ) 3 Ce Ha CSa ] in 30ml of DMF 
was added 0.18 5g (0.7 6 6 m m o l e ) of Cu (NOs ) * • 3Hj O dissolved in 
30ml of DMF. The solution was stirred for three hours.
The resulting orange precipitate was collected by suction 
filtration, washed with DMF, and air-dried. The orange 
product was dissolved in a 3:2 acetone/CSj solution which, 
after evaporating, yielded the same gorgeous orange 
hexagonal needles as in Method 2. Yield: 56%. M.p. 190-
193° C .
(b) T e t r a k i s {o-methy1 trithioperoxybenzoato)tetracopper(I ),
[Cu« (o-CHs Ce H,CSa S )a ]
To a stirred solution of 0.136g (0.563mmole) of 
Cu(N03 )2 ■ 3 H 2 O in 10ml of DMF was added 0.200g (0. 566mmole) 
of n-Pr< N to-CHs Ct, H« CSa ] dissolved in 10ml of DMF. The 
solution was stirred for 2 1  hours, then gravity filtered. 
Three days later, red-orange crystals suitable for X-ray 
analysis were decanted from the brown filtrate, washed with 
DMF, and air-dried. M.p. 222-223°C.
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(c) (p-Phenyltrithioperoxybenzoato)c o p p e r (I ) Complex,
[Cu* (p-Ct, Ha C*. H< CS2 S > * ]
To a stirred solution of 0.174g ( 0 . 7 20minole ) of 
C u (N 03 )2 - 3 H 2 O in 3Oml of DMF was added 0. 300g (0.722mmole ) 
of n-Pr«N[p~CeHsCeHaCS2 ] dissolved in 30ml of DMF. The 
solution was stirred for 24 hours, then gravity filtered.
A black precipitate was collected, washed with DMF, and 
air-dried. This compound was insoluble in most common 
organic solvents with the exception of pyridine. Yield: 
81%. M.p. 267-270°C (decomp.). A na1 . Calcd. for 
C u (S3 Ci 3 Hs ) : C, 48.05; H, 2.79; S, 29.60; Cu, 19.55.
Found: C ,  47.83; H, 2.65; S, 28.88; C u , 20.6 4 (by
dif f erence) .
(d) p-Phenyldithiobenzoato(p-pheny1trithioperoxybenzoato} 
dicopper(I) Complex, [Cui* (p-Ct.HaCtH«CSa)* (p-
Cb Hs Ct, H« C S a  S ) x ]
To a stirred solution of 0.174g (0.720mmole) of 
C u (NO 3 )2 ■ 3Ha O in 30ml of DMF was added 0.300g (0.72 2mmole) 
of n-Pr4 N[p-CtHsCtH«CS2 ] dissolved in 30ml of DMF. The 
solution was stirred for 14 hours, then gravity filtered.
A black precipitate was collected, washed with DMF, and 
air-dried. This compound was insoluble in most common 
organic solvents. Yield: 75%. M.p. 260-262°C. A n a l .
Calcd. for Cua (S2 Ct s H<» ) 2 S : C, 50.55; H, 2.94; S, 25.95;
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Cu, 20.57. Found: C, 49.13; H, 3.00; S, 26.39; Cu, 21.48
(by difference).
(e) Bis(p-phenyldithiobenzoato)c o p p e r (I I ) Complex, [Cu* (p- 
Ct Hu C 6 H< CSa ) 2 « ]
To a solution of 0.200g (0 , 4 8 lnunole) of n-Pr«N[p- 
C6 Hs Ct Hi CSi ] in 25ml of DMF was added 0.0580g (0.240mmole) 
of C u (NO 3 )a ■ 3HaO dissolved in 10ml of DMF. The resulting 
dark brown solution with dark purple particles stood for 
four hours. The purple precipitate was collected by 
gravity filtration, washed with DMF, and air-dried. This 
compound was insoluble in most common organic solvents. 
Yield: 84%. M.p. 248-252°C. A n a l . Calcd. for
C u (Sj Cij H» >2 : C, 59.80; H, 3.47; S, 24.56; C u , 12.17.
Found: C, 57.92; H, 3.46; S, 24.72; Cu, 13.90 (by
difference).
4. Triphenylphosphine Reaction Products
The complexes in this section were obtained by 
reacting the gold, silver, and copper cluster compounds 
wi th triphenylphosphine.
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(a) o-Methyldithiobenzoato(triphenylphosphine)g o l d (I ),
[Au ( q-CHa Ct, CSa ) ( PPha ) ]
A solution of O.OlOBg (0.04OOmmole) of PPha in 4ml of 
CSa was added to 0.0050g {0.0023mmole) of [Au* (o-
CHa Ct Ht CSz ) t ] (Ctnpd la) dissolved in 4ml of CSa. The 
resulting pinkish-purple solution evaporated overnight.
The pinkish-purple and white residue was placed in a 3:2 
absolute ethanol/cyclohexane solution and mildly heated.
The white precipitate dissolved while the pinkish-purple 
precipitate remained. The pinkish-purple precipitate was 
collected by gravity filtration and air-dried. A 
recrystallization from diethyl ether yielded purple 
crystals suitable for X-ray analysis. M.p. 172-173°C.
(b ) o-Methyldi thiobenzoatobi s (tr iphenylphosphine}s i1v e r (I )
benzene solvate, [ Ag (o-CHa Ct, H< CSj ) {PPh3 >2 ] ■ C* He
To a stirred solution of 0.0300g (0.109mmole) of 
[Ag* (S2 Cs Ht }*] (Cmpd 2c prior to pyridine addition) 
insoluble in 20ml of CS 2 was added 0.0575g (0.219mmole) of 
PPha dissolved in 5ml of CSa . Immediately upon ligand 
addition an orange solution resulted; the orange insoluble 
silver compound was no longer evident. The solution was 
stirred for one-half hour and then it evaporated. The 
resulting orange precipitate was washed with a 3:2 absolute 
ethanol/cyclohexane solution, suction filtered, and air- 
dried. The precipitate was next washed with boiling ether, 
suction filtered, and air-dried. Orange crystals suitable
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for X-ray analysis were obtained from the evaporation of a 
1:1 CS2 /benzene solution. M.p. 1 7 5 - 1 7 8 ^ .
(c ) o-Methyldithiobenzoatobis(triphenylphosphine)c o p p e r (I ) 
hemicarbon disulfide, [ C u ( o - C H a C e C S a ) (PPha)2 ]■1/2CS2 
To a solution of 0.0055g {0.0052mmole) of [Cu< (o-
CHjCeH 4 CS 2 S)«] (Cmpd 3b) in 2ml of CSa was added O.OlOOg 
(0.0381mmole) of PPha powder. This reaction was carried 
out in an oxygen-free nitrogen-filled glovebag. The 
solution was twice allowed to evaporate and then 
redissolved in C S a . The third time the solution 
evaporated, dark red crystals suitable for X-ray analysis 
were obtained.
(d) 2,4,6-Trimethyldithiobenzoato(triphenylphosphine) 
gold(I) , [Aul2r4,6-(CHa )a Ce H« CS 2 | (PPh3 )]
To a solution of 0.0200g (0.0255mmole) of [Aua (2,4,6- 
{CH 3 )s C« H]CSa )a ] (Cmpd lb) in 16ml of a 1:1 CSa/CHCla 
solution was added 0.0140g (0.0534mmole) of PPha dissolved 
in 2ml of a 1:1 CS 2 /CHCla solution. This pink solution 
evaporated, and the resulting orange residue was washed 
with a 3:2 absolute ethanol/cyclohexane solution, suction 
filtered, and air-dried. The orange precipitate was 
recrystallized from boiling ether. Gorgeous orange 
crystals were obtained which were suitable for X-ray 
analysis. Yield: 51%. M.p. 217-218°C.
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( e } 2,4,6 -Trimethyldithiobenzoatobis(triphenylphosphine)
g o l d {I ) , [Au|2,4,6 - (CHa ) 3 Ct Hz CS 2 I (PPh3 )z ]
To a stirred solution of 0.0200g (0.0255mmole) of 
[Auz i 2 , 4 , 6 - (CHa > 3 Ct Hz CSz 1 2 J (Cmpd lb) in 1 0 ml of a 1:1 
CSz/CHCla solution was added 0.0270g (0.103mmole) of PPh3
dissolved in 2ml of a 1:1 CSz/CHCla solution. This pink 
solution was stirred for one-half hour and then it 
evaporated. The resulting pink and orange residue was 
washed with a 3:2 absolute ethanol/cyclohexane solution, 
suction filtered, and air-dried. This residue was 
dissolved in boiling ether. After the ether evaporated, 
pink needles suitable for X-ray analysis were obtained. 
Yield: 49%.
(f ) 2,4, 6 -Tr imethyldithiobenzoatobi s (t r iphenylphosphine)
si l v e r (I) hemipyridine, [Ag(2,4,6-
(CH3 ) 3 Ct H2 CS 2 I ( PPha ) 2 ] 1 /2py
To a stirred solution of O.OlOOg (0.00671mmole) of 
[Ag* [2,4, 6 - (CHa )3 Ct Hz CSz I * (p y )a ] l/2py (Cmpd 2b) in 10ml of 
pyridine was added 0.0055g (0.021mmole) of PPHa dissolved 
in 5ml of pyridine. The resulting pale-orange solution was 
stirred for one hour, and then it began evaporating very 
slowly. After ten days the pyridine evaporation yielded 
orange crystals suitable for X-ray analysis. M.p. 222- 
224° C .
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(g) 2 ,4,6 -Trimethyldithiobenzoatobis(triphenylphosphine)
copper(I) hemicarbon disulfide, [Cu{2,4,6- 
(CH3 )□ C* Hi C S z I (PPha ) 2 ] 1/2CS 2
A solution of O.OlOOg { 0 . 0 0 8 59inmole ) of [Cu« (2,4,6- 
(CH 3 ) a Ct Hj CSs S I i ] (Cmpd 3_a) in 10ml of very hot DMSO was 
stirred to hasten its disso l u t i o n . After the solution had 
cooled to less than 100°C, O.OlOOg (0.038lmmole) of PPh 3 
powder was added. The solution was stirred until it cooled 
to room temperature. Addition of 25ml of water resulted in 
a cloudy white solution with a pale orange precipitate.
The orange precipitate was collected by gravity filtration, 
washed with water, and air-dried. Orange crystals suitable 
for X-ray analysis were obtained by slow evaporation of a 
1:1 CS 2 /CH 2 CI 2 solution. M.p. 232-234°C.
5. Other Dithiobenzoates
In an attempt to synthesize cluster compounds with 
zinc, cadmium, and mercury, the following complexes were 
prepared. Tetra-n-propylammonium o-methyldithiobenzoate 
was reacted separately with zinc nitrate hexahydrate, 
cadmium nitrate tetrahydrate, and mercuric chloride. The 
reaction with mercuric chloride yielded a blackish-gray 
residue which was probably a sulfide of mercury; this 
residue was discarded and work with mercury was 
discontinued.
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(a) Tetra-n-propylammonium tris(o-
methyldithiobenzoato)zinc (II), (n-Pr«N)[Zn(o- 
CHa C 6 H« CS2 ) 3 ]
To a solution of 0.200g (0.566mmole) of n-PrtN[o- 
CHa Ct H< C S; ] in 20ml of DMF was added 0.0830g ( 0 . 279minole )
of Zn{NOa )z 6 H 2 O dissolved in 10ml of DMF. After this 
yellowish-orange solution had remained unchanged for three 
days, it was moderately heated to reduce the solvent 
volume. Orange crystals formed when 5ml of solution 
remained. These orange crystals, which were suitable for 
X-ray analysis, were suction filtered, washed with CS 2 , and 
air-dried. M.p. 133-135°C.
(b) Tetra-n-propylammonium t r i s (o-methy1dithiobenzoato) 
c a d m i u m (I I ) , {n-Pr« N) [Cd (0-CH3 C 6 H« CSa )3 ]
To a solution of 0.200g (0.566mmole of n-Pr«N[o-
C H 3 CtH 4 C S a ] in 20ml of DMF was added 0.0860g (0.279mmole)
of C d (NOa )? iHj O dissolved in 10ml of DMF. After this 
yellowish-orange solution had remained unchanged for three 
days, it was moderately heated to reduce the solvent 
volume. An orange residue was gravity filtered and 
redissolved in a 1:1 CSa/acetone solution. Huge orange 
needles suitable for X-ray analysis were obtained after the 
solvent evaporated.
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6 . Other Gold Compounds
In this section, new ways to synthesize known 
compounds are discussed.
D i c h l o r o (diethyldithiocarbamato>g o l d (I I I > is a known 
c o m p o u n d , but a single-crystal X-ray analysis of it was not 
found in the 1i t erature . 4 5 ■9 1 9 2  Chloro- 
(triphenylphosphine)g o l d (I ) is another common 
c o m p o u n d . ' 0 ■ 9 3 ' 9 3  This new synthetic route for it was 
discovered unexpectedly while at tempt ing to synthesize 
[Au(Eta NCSa ) (PPh3 ) ] .
(a) Dichloro{diethyldithiocarbamato)g o l d (III),
[AuClj (Eta NCSa ) ]
To a stirred solution of 1.512g (3.800mmole) of
NaAuCl* 2Ha O in 30ml of absolute ethanol was added dropwise 
1.282g (5.688mmole) of (CHaCHa JaNCSaNa 3Ha0 dissolved in 
50ml of absolute ethanol. With each colorless drop of 
ligand solution added to the yellow gold solution, a brown 
discoloration occurred which dissipated with stirring. The 
resulting yellow precipitate was collected by suction 
filtration, washed with absolute ethanol, and air-dried.
The yellow precipitate was placed in chloroform and a hot 
filtration removed some insoluble yellowish-gray 
impurities. As the orange chloroform solution cooled 
slowly, gorgeous orange needles appeared which were 
suitable for X-ray analysis. They were collected by 
suction filtration, washed with CHCla, and air-dried.
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Yield: 58%. M.p. 251°C (decomp.). A n a l . Calcd. for 
AuSz CsHjoNCla: C , 14.43; H , 2.42; N, 3.37; A u , 47.33.
Found: C, 14.41; H, 2.31; N, 3.35; Au, 46.71 {TGA 
residue).
(b) Chloro(triphenylphosphine)gold(I>, [A u C l (PPha)]
To a stirred solution of 0 . lOOg (0.24Ommole) of 
[AuCla (EtaNCSa >) (Cmpd 6_a) in 20ml of DMF was added 0.128g 
(0.488mmole) of PPhs dissolved in 20ml of DMF. This yellow 
solution was stirred for 24 hours, at which time the 
solution was colorless. This solution was moderately 
heated for four days to reduce the solvent volume. Huge 
white needles appeared which were collected by suction 
filtration, washed with acetone, and air-dried. Yield:
81%. M.p. 242-24 3° C (lit. m.p. 242°C1 0 >. The cell 
dimens ions for this compound were identical to the
(c ) o-Me thyldi thiobenzoato(t r i phenylphosph ine)g o l d (I ) ,
[Au (0 -CH 3 Ct H« CSj ) (PPhj ) ] (Cmpd 4a)
A solution of O.lOOg (0.202mmole) of [AuCl(PPha)]
(Cmpd 6 b, but synthesized in 92% yield via the method by 
Gregory and Ingold * 3 ) in 20ml of benzene was added to 
0.0720g (0.204mmole) of n - P r < N [o-CHaCtH«CSi] dissolved in
10ml of DMF. This pinkish-purple solution slowly 
evaporated. Purple crystals appeared in the solution after 
the volume had decreased by one-half. These crystals were
v a l u e s . ’ 5
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collected by gravity filtration and air-dried. Yield:
45%. M.p. 172-173°C. The cell dimensions for this 
compound were identical to those of the previously reported 
Compound 4a.
D . ATTEMPTED REACTIONS
Several methods and different starting materials were 
tried in order to synthesize other new gold compounds. In 
addition to producing gold cluster compounds, another ori­
ginal goal of this research was the preparation of inten­
tionally cyclometallated trivalent gold complexes. Although 
numerous attempts were made using known cyclometallating 
ligands to cyclometallate gold, none proved successful.
The gold cluster compounds themselves were utilized as 
starting materials that would hopefully yield ligand 
substitution or addition products in which the metal 
cluster core would remain intact. Despite many attempts, 
this project also did not prove fruitful. The gold cluster 
cores were never conclusively proven to remain intact after 
reacting with various ligands. As previously mentioned, 
reactions with triphenylphosphine led to well-characterized 
monomeric species. In most of the other reactions, the 
original gold cluster compound was recovered. In one case, 
where [Aus (o-CHaC*H«CSt)•] reacted with la, a purple 
precipitate was obtained whose elemental analysis 
corresponded to [Au« (o-CHaC»H<CSa)•I« ], but this was not
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reproducible. This reaction was tried one-half dozen times 
and resulted in markedly different analyses. Solid-state 
and solution-state 13C NMR studies yielded inconclusive 
results with regard to the integrity of the gold hexameric 
u n i t .
The reactions attempted are summarized in Tables IV- 
VI. In most of these attempts the only identifiable 
product obtained in an appreciable amount was either 
metallic gold or the unreacted gold starting material. 
Exceptions to this are indicated in the tables. Throughout 
the course of this research many ingenious and unexpected 
and unwanted ways of reducing gold to its elemental state 
were discovered. The techniques used to characterize the 
products were NMR, T G A , D T A , and melting points.
t a b l e  iv a t t e m p t e d  r e a c t i o n s  ■ i
Ligand mmole A u  Compound
s s-
s7
1 827
1 . 690 
1.660 
0. 506
0 175 
0.171
0 792
0. 196 
0 186
NaAuCli,' 2H20
N a A u C l ^ ■2Ht0 
NaAuCl^^HjO 
NaAuCIj, 2HjO
N a A u C:., 2 H o O
UaAuCli, ■ 2H?0 
N a A u C l ^ ■2H 2O 
A u C l 3 (py)
A u ( C O ?C H 3 ) ( P P h 3 ) 
A u (COj C H j }(PPh 3 )
S °
0.631
0 633
0 896
A u C H P F h j )  
A u C I ( P F h 3 )
K[Au(Cfil? l
mmole S olvent and Conditions
0.820
0 76? 
0 7c9
0 C'C3
0 . 11 ?.
0.360
1.119
1 190
0.195 
0. 193
0. 188 
0 706
0 897
acetone, heated 2 hrs, Au°
DMF, h e a te d  15 ain, A u c'
DMF, r ef luxes 1 hr. A u p
6CHC13: 1 DMF. Au°
glacial acetic acid, r e f l u x e d  
cvernighr . nu°
Qi l  e t h a n o l . Aur
glacial acetic acid, A u°
acetone, refluxed u n d e r  Nj 
overnight, A u c
a c e t o n e , Au°
a c e t o n e / g l a c i a l  a c e t i c  a c i d / C l j i g ) ,  
AuCl (PPh3) i n d i c a t e d
DMSO, p u r p l i s h - b r o w n  p pt  o b t a i n e d  in 
e x t r e m e l y  low yield
DHSO, p u r pl is h- br ow n  ppt o b t a i n e d  in 
e x t r e m e l y  low yield
M e O H , r e d d i s h - orange r e s i d u e  o bt a i n e d  
in extrecn 1 c I o- vield
<T>
C"
TABLE V. ATTEMPTED REACTIONS - 2
Ligand
Col
CcRo)
-TO)
c  ^-s t-7
El-N-C e
m o l e Au Compound
1.142 [AuCl;(Et;NCS2>
0.647 [AuCl2(Et2NCS2)
0.301 (AuCl2(Et2NCS2)
0.971 [AuCl;(Et;NCS2 )
0.239 [AuClj(Et2NCS2 )
0.335 [AuClj(Et2NCS2 )
0.533 [AuCl2 (Et2NC52)
0. Ill [Au C12 fEt jKCS 2)
< }
0.077 lAuCl2{Et2NCS2)
0.120 [AuCl2(Et2NCS2?
H ?  ■
0.086 |AuCl2(Et2NCS2)
0. 283 fAuCl2(Et2NCS2)
mmole Solvent and Condition*
0.738 
0.424 
0.197 
0 491 
0 485 
0.117
0.245
0.120
0.059
0,096
0.072
0.258
DCM, 2«1 HC1, refluxed 3 day*, unreacted 
Au starting material
acetonltrlle, 2ml NEty, refluxed, Au°
DCH, 2ml NEty, heated 2 hr*, 
unreacted Au starting material
951 EtOH, refluxed 4 days, unreacted 
Au starting material
acetone, refluxed 3 days, added 
NaClOft. [Au(C10(, ^ j (EtjNCS;) I Indicated
acetone, unreacted Au starting material
DMF, heated, yellow ppt obtained in 
extremely low yield
DMF, heated, unreacted Au starting 
material
CHClj/CHjCl?, brownish-purple ppt 
obtained in extremely low yield
DCM, brownish-purple ppt obtained 
in extremely low yield
DMF, brown ppt obtained In extremely 
low yield
DMF, rust-orange ppt obtained in 
extremely low yield
ox
table vi attempted reactions 3
Ligand mMole Au Compound
Sg 0.023 [Au(2 -CH3C6HA CS2 )(PPh3>
Pit2S excess |Au;(2,4,6 -(CH3 )3CbH;CS;I|
CH3 I excess [ Au; | 2 ,4 ,6 ■ (CH3 ) yCgl^CS; I ]
CH; 1; excess i Au;|2,4,6 ■(CH3 )]CbH;CS;I]
Cl; (g) excess [Au;|2,4,6 ■(CH3 )3C6H;CS2 I]
Cl;(g) excess [ Aux<p-FC6Hi.CS;) K }
C 1; (g) excess [ Au6 (o - C t ^ C ^ C S ; ) g ]
I2 0 102 [Au6 (2 -CH3C6 KitCS;)6 l
1; 0.110 [Au6 (2 -CH3C6 Hi,CS;36 ]
I; 0.276 [Au6 (2 -CH3C6HJtCS;)6 ]
NHj(g) excess 1 Aug(2 -CH3C&Hi(CS2)6 ]
D-Pfi.Nl 0 110 iAu6 (2 -CN3C6HitC S 2)6 |
S-C(NH;); 0 039 IAu6 (2 -CH3C6HACS;)6 )
$B 0.014 [Au6(0 -CH3C bH itCS;)6 )
Ph2S -0 18 |Au 6 (2-CH3C6H4CS2)6 )
Ph;PCH;CH;Ph; 0 032 | Aub (o ■ C H y C ^ C S ;  1 b |
mole Solvent and Conditions
0.024 CS;, purple ppt obtained In
extremely low yield
0 022 CS;/CHCl3 , unreacted Au starting Material
0 0 1 3  CS;/CHCl3 . unreacted Au starting material
0 013 C5 ;/CHCl3 , unreacted Au starting material
0.026 CHClj, dirty ppt obtained in extremely
low yield
0.240 CHCI3 . yellow ppt obtained In extremely
low yield
0.02S CHCI3 , yellow ppt obtained In extremely
low yield
0.069 CHCI3 , unidentified purple ppt
0.081 CHCI3 /CCI4 , unidentified purple ppt
0.092 CS;, unidentified purple ppt
0.009 toluene, unreacted Au starting Material
0.009 acetone, unreacted Au starting Material
0 009 acetone, unreacted Au starting Material
0 009 OS;, unreacted Au starting material
0 009 CS;, unreacted Au starting material
0 009 CS;, pink ppt ohtained In extremely low
yield
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I l l . X-RAY CRYSTAL STRUCTURES
A. INTRODUCTION
Seventeen of the compounds synthesized during the 
course of this research were characterized by single­
crystal X-ray structural analyses. Listed in the Appendix, 
along with a perspective drawing of every structure, are 
the pertinent data collection parameters, atomic positional 
parameters of the non-hydrogen atoms, selected bond 
distances, and selected bond angles for each compound. 
Following is a discussion of the unique features of these 
compounds. Comparisons, where significant or pertinent, 
are made among these compounds and with other compounds 
cited in the literature.
B. GOLD CLUSTERS
Gold cluster compounds have been known for over two 
decades. These compounds contain the Auo* * species with 
Au-Au bonds and an average oxidation state <1, where 
n = 4 ,5,6,7,8 , 9,10,11 and 13 and x = l , 2, or 3 (see Table I).
The attached ligands are usually organophosphines or 
halides, although there is one other known gold cluster 
with dithio ligands .4 3 •* 4
Previously known compounds containing an Aut cluster 
have been either octahedrons, edge-sharing bitetrahedrons.
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or tetrahedrons with two opposite edges bridged by gold 
atoms.11- 2" Illustrated in Figure 1 is the novel gold 
hexamer in this study, [Au6 (o-CHa Ce Hi CSs ) e ] , which 
represents an entirely new type of gold cluster. The six 
gold atoms lie nearly in a plane, with the bidentate 
ligands each attached to neighboring gold atoms and lying 
alternately above and below the plane. The six gold atoms 
of the central cluster are coplanar to within 0.14X. The 
odd-numbered Au atoms lie at the vertices of a triangle 
which is approximately equilateral with side 5.94X. The 
even-numbered Au atoms lie slightly outside the lines 
connecting these vertices, such that the Au-Au distances 
around the periphery average 2.987X and alternate angles 
average 169.3° and 69.5° . The even-numbered Au atoms thus 
form a central triangle with edges Au2-Au4 3.240(1), Au2- 
Au6 3.547(1), and Au4-Au6 3.421(1)A. Each A u (I ) forms two 
bonds in nearly linear fashion (S-Au-S angles range from 
160.7 (2)-174.6(2)0 and average 167.3°) to bridging ligands 
alternately above and below the cluster plane. The Au-S 
distances range from 2.283(5)-2.305{5}X and average 2.296X. 
This ligand bridging pattern is analogous to that found in 
the tetramer [Aui(CHaCS*)*], in which Au-Au distances 
average 3.013X, Au-S distances average 2.296X, and S-Au-S 
angles average 167.7° ,4 3 - 44
The ligands bonded to the hexameric core of gold atoms 
are distinctly nonplanar. The aromatic rings are rotated 
with respect to the dithiocarboxylate planes by angles
S7
S 3
nu
S9
1a
Figure 1. H e x a k i s {o-methyldithiobenzoato)h e x a g o l d (I ),
12
ranging from 60.4-87.1°, presumably as a result of the 
steric effects of the ortho-methyl substitution on the 
ring. In addition to the multitude of Au-Au interactions 
within the hexameric cluster, a close intermolecular 
contact (Au3-Au6’, 3.195{1)J£) exists, forming chains of
hexamers along the direction of the c axis, which is the 
needle axis. The unit cell, with segments of two parallel 
chains of hexamers, is illustrated in Figure 2.
Gold cluster compounds are typically prepared by one 
of the three following methods: i) reduction of
mononuclear gold(I) compounds, ii) reaction with atomic 
gold which is prepared by evaporation of metallic gold, or 
iii) interconversion of gold clusters through aggregation 
or degradation or substitution reactions.2 ■ 1 s “ 1 1 Contrary 
to these established methods, this novel gold hexamer was 
prepared by the reduction of gold(III).
The basic structural unit of the other gold cluster 
compound in this s t u d y , [AU2 (2,4,6- (CHa )jCtHjCSa ) 2 J , is a 
dimer, which is shown on the left on page 74. However, 
there are three crystallographically independent dimers in 
the unit cell which are positioned such that a gold atom 
from each dimer lies at the vertices of a triangle that 
connects the three dimers. The gold-gold distances in this 
triangle average 3.248& and range from 3.142-3.3 4 4 & . These 
"dimers-connected-by-triangles" form an unusual, branched 
but unbroken, chain of gold atoms which is shown on the 
right on page 74.
7 3
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1b
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The Au-Au distances within the dimers in the chain 
(the A- and B-labeled dimers) are 2.865 and 2.869X, 
respectively. The Au-Au distance in the dimer that 
branches off the main aold chain (the C-labeled dimer) is 
2.832X. This shorter distance probably occurs because only 
one gold in this dimer is bridging and the other one is 
terminal. These intradimer Au-Au distances are 
considerably shorter than those between the dimers.
Each gold atom coordinates two sulfur atoms from 
different ligands. The Au-S bond lengths range from 2.271- 
2.315X and average 2.294X. The shortest two Au-S bonds 
(2.271 and 2.272X) are both bonded to the terminal, or 
singly-bridging, gold atom in the C-labeled dimer. The S- 
Au-S bond angles in the dimers are nearly linear, ranging 
from 170.8-178.2° and averaging 174.4°. Compared to the 
previously described hexameric gold cluster, these S-Au-S 
angles are much closer to linearity.
The plane of the dimer, defined by the two gold atoms 
and four sulfur atoms, forms a dihedral angle with the
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planar triangle of gold atoms. These dihedral angles vary
from 51.76° for the C-labeled dimer, to 71.69° for the A-
labeled dimer, and all the way to 110.72° for the B-labeled 
dimer. The difference in these angles is probably due to 
molecular steric constraints in the cluster.
The dihedral angle between the CCSa plane of the
ligand and the aromatic ring averages 85.34° and ranges 
from 77.50-89.64°. The steric effects of the 2,4,6- 
trimethyl substitution are obviously much greater than 
those associated with o-methyl substitution, as is 
evidenced by the larger degree of rotation out of the 
dithiocarboxy1ate p l a n e .
Other known dimeric gold compounds cannot be 
considered clusters because they simply form linear gold 
chains, not rings. The structure of [ (n-CaH?)aNCSaAu]a is 
built from discrete dimeric molecules which are stacked on 
top of each other forming linear chains of gold atoms with 
alternating interatomic distances of 2.76X and 3.40&.46,96 
The polymeric complex ( [Au(i-Ca H? O) 2 PSa ]a In has gold-gold 
lengths that only range from 2.91-3.1lX and average 3. 04& 
throughout the one-dimensional polymer.97 The Au-Au-Au 
angles in the linear chain average 178.0°, with a very 
small range of 176.6-178.9°. These two dimers exhibit 
fairly linear S-Au-S angles also; the former compound 
averages 180° and the latter 174° .
7 6
C. SILVER CLUSTERS
The three silver cluster compounds discussed here 
effectively doubles the number of reported 4-atom silver 
clusters with sulfur-containing ligands (see Table II).
One silver cluster, (n-Pr«Nh [Ag« (2,4,6-
(C H a )aC«H*CSi I *]■ 1/2DMF' H i O , has a square-planar array of 
silver atoms, whereas the other two, [Ag« (2,4,6-
(CHa )iC»HsCSj l< (py)3 ] l/2py and [Ag4 (o-CHsC*H<CSi )4 tpy)4 ]
have the silver atoms in distorted tetrahedral 
arrangements.
The square-planar silver cluster, compound 2a, is 
pictured on the left on page 77. To the right is the same 
compound, simplified by the omission of the aromatic rings, 
with just the silver and carbon disulfide core. The four 
square-planar silver a t o m s , which are coplanar to within 
0.008&, each form four bonds to sulfur atoms, two-thirds of 
which (S1-S8) attach to only one Ag (with bond lengths 
2.546-2.607, a v e . 2.569X) and one-third of which (S9-S12) 
bridge two silver atoms (with bond lengths 2.588-2.669, 
ave. 2.624&). The CS 2 portions of four of the ligands lie
nearly in the plane of the silver atoms; they are all
within 0.784& of the silver plane, alternating one slightly 
above the silver plane and the next slightly below the 
plane, such that two ligands opposite from each other lie 
on the same side of the plane. The other two ligands lie 
one above and one below the square plane of silver atoms.
7 7
with their sulfur atoms doubly bridging adjacent silver 
atoms. Each silver atom is therefore six coordinate.
>7
1 / 2a \
2a
The ligands themselves are definitely nonplanar. The
aromatic rings are rotated with respect to the 
d i t h i o c a r b o x y 1ate planes by angles ranging from 85.16- 
93.46° and averaging 89.92°. This rotation is undoubtedly 
due to the steric effects of the 2 , 4 , 6 - trim e t h y 1 
subs t i tu t i o n .
Each silver atom has two neighboring silver atoms, 
with Ag-Ag distances ranging from 2.821-2.935A and 
averaging 2.880A. These separations are very close to the 
cubic close-packed metallic Ag-Ag distance of 2.883A. The 
Ag-Ag-Ag angles in the square plane range from 82.8-97.4° 
and average 90.0° .
More than 25 years ago Hesse stated that "no tetramer 
is likely in which all metal atoms coordinate four sulfur
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atoms."46 The existence of the present square-planar 
silver cluster has proven his statement false; all four 
silver atoms do indeed each form four bonds to sulfur 
a t o m s .
The somewhat distorted tetrahedral silver cluster with 
the 2,4,6-trimethyl ring substituents (compound 2b) is 
pictured below on the left. The four silver atoms each 
form three bonds to sulfur atoms, one-half of which (52,
S4, S5, S 8 ) attach to only one silver atom (with Ag-S bond
lengths 2.477-2.536, ave. 2.495X) and one-half of which 
(SI, S3, S 6 , S 7 ) bridge two silver atoms (with Ag-S bond
lengths 2.500-2.673, ave. 2.578X). Three of the four 
silver atoms (Agl, A g 2 , Ag3) form a fourth coordinate bond 
to pyridine nitrogens (with Ag-N distances 2.410, 2.517,
2.526, ave. 2 . 4 8 4 X ) , whereas the Ag4 atom forms only three 
coordinate bonds to sulfurs.
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Three sulfur atoms are bonded to each silver atom in a 
trigonal arrangement that is approximately planar. The S- 
Ag-S angles range from 103.11-134.8 5° and average 119.52°. 
The deviation of the silver atoms from the appropriate Sa 
planes in the Ag« Se fragment ranges from 0.074-0.290X and 
averages 0.154X.
Each silver atom has three neighboring silver atoms, 
with Ag-Ag distances ranging from 2.814-3.101X and 
averaging 2.987X, plus one longer distance of 3.423X 
between Agl and Ag2. Three of the silver atoms (Agl, Ag2, 
Ag4) are six-coordinate and Ag3 is seven-coordinate.
The dithiobenzoate ligands in this silver cluster 
compound are not planar. The dihedral angles between the 
CCSa planes and the aromatic rings deviate from planarity 
by an average of 85.83° (range 7 4.68-94.96°). This large 
deviation can probably be attributed to the steric 
constraints of the 2 , 4,6-trimethy1 substituents on the 
phenyl r i n g s .
The more distorted tetrahedral silver cluster 
containing the o-methyl ring substituents (compound 2c) is 
shown above at the right. The four silver atoms, which are 
situated in a very distorted tetrahedral array, each form 
three bonds to sulfur atoms. One-half of these sulfur 
atoms (S2, S 4 , S 2 ’ , S 4 ') attach to only one silver atom 
(with Ag-S lengths 2.486-2.499, ave. 2.492X) and the other 
half of the sulfur atoms (SI, S3, Si', S 3 ’) bridge two 
silver atoms (with Ag-S lengths of 2.522-2.760, ave.
8 0
2.623X). All four silver atoms form a fourth coordinate 
bond to pyridine nitrogen atoms (with Ag-N distances 2.403- 
2.550, ave. 2.47fiX).
Because the molecule lies on a crystallographic 
twofold rotation axis, there are only two unique silver 
atoms in this cluster. Each of these silver atoms is 
surrounded by a triangle of sulfur atoms in a nearly 
trigonal-planar array. The S-Ag-S angles average 119.50° 
and range from 97.69-132.71°. The variance of the silver 
atoms from these triangular planes of sulfur atoms is 0.073 
and 0.242X.
Every silver atom has three neighboring silver atoms, 
with Ag-Ag distances ranging from 2.869-3.197X and 
averaging 2.996X, plus a much longer distance of 3.978X 
between Ag2 and A g 2 '. Two of the silver atoms (Agl, Agl*) 
are seven-coordinate and the other two (Ag2, A 2 ') are six- 
coordinate .
The ligands bonded to this distorted tetrahedral core 
of silver atoms are clearly non-planar. The aromatic rings 
are rotated with respect to the dithiocarboxylate planes by 
angles of 80.00 and 80.43°. The steric hindrance of these 
o-methyl-substituted ligands is obviously less cumbersome 
than the two previously mentioned silver clusters with
2,4,6-trimethyl substituents.
Of these three silver clusters, the square-planar 
complex has the shortest Ag-Ag distances and the longest 
Ag-S bond lengths. Both of these factors are probably due
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to the greater number of 1 igands associated with the 
square-planar complex than the tetrahedral ones (six versus 
f o u r ) . The six ligands tend to bind the silver atoms 
closer to each other, but the greater number of ligands 
tends to lengthen the individual Ag-S bonds due to steric 
and perhaps also electronic limitations. The Ag-Ag 
distances in the 2 ,4,6 -trimethyl-substituted tetrahedron 
(compound 2 b) are slightly shorter than those in the o- 
methyl-substituted tetrahedron (compound 2 c) presumably 
because there is one fewer pyridine molecule in the former 
compound. The less sterically hindered compound 2c allows 
for four pyridines per tetrahedron with an average Ag-N 
bond length which is shorter than that of compound 2 b, 
which only has three pyridines bonded to i t .
Comparing the silver clusters in the present study 
with those listed in Table II, many points of interest are 
noted. Excluding the square-planar silver cluster,
[Ag« IcpFecpCH 2 N (CH 3 ) 2 14] , which has no sulfur-bearing 
ligands, the cluster with the shortest average Ag-Ag 
distance (2.880A) is [ Ag< I 2,4, 6 -(CHa )3 Ct HiCS 2 It ]2 " . The 
Ag-S lengths in the current three clusters compare 
favorably with the others in the table; they are shorter 
than most of them. The only silver tetrahedron in Table 
II, [Ag« ( ci-Ci 0 Ht CSi ) 4 (py) < ] , is very similar to the present 
two tetrahedrons, as can be seen in Table VII.* 3 Many of 
its bond lengths are shorter than the corresponding bond 
lengths in the other two tetrahedral clusters, probably
T A B L E  V I I  A  C O M P A R I S O N  O F  S I L V E R  C L U S T E R  C O M P O U N D  D I S T A N C E S  (tn X)
lAfc^.A.S-lCHjljCjHjCSjIjl2- [AfU,l?.*.6-(CH3)3CtHjCS7U(py)l
Ag Geometry 
*S*8b
*1"*Rnb 
4 * ' s n b
*(-5b
Ag N
equate planar
2.>21-2.935 
: iao «v« (a)
1 5*6-2.607
? 569 eve (81
2 58J-2 669
! 4 M  eve (A)
b-bridged 
nb-r»on bridged
tetrahedral
2.116-3 007
2 951 ave (A)
3 262 ave (?)
2 477-2 534 
2 695 ave (A)
2 500-2 673 
2.578 ave (A)
2.410-2.526 
2,ASA ave (3)
tetrahedra1
2 169 3 022
2 9A5 ave (A)
3 588 ave (2)
2.486 2 699 
2 692 ave (A)
2 522-2.760 
2 623 ave (A)
2 403-2 550 
2 A76 ave (A)
r v r j iheiir^  1
? 8 7', 2 9 7?
2 9 ?4 ave (61
3 363 ave (21
2 449-? a 77 
2 470 ave (A)
2 603 ave (2 
2 82 3 ave (2 
2 663 ave (4
2 389-2 456 
2 4?2 ave (4
s h o r t ) 
I ,>n 7
)
)
CO
f'o
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because the naphthalene substituent is somewhat less
hindered than the other two ligands.
D. COPPER CLUSTERS
The two copper cluster compounds shown below,
[ C U 4  I 2 , 4 , 6 -  (CH.! } 3 Cf. H 2 C S 2 S i t ] and [ C u <  (o - C H a  Ct H« C S i  S ) 4 ] , 
were synthesized by the same method as used for the gold 
and silver clusters, but an unexpected twist was discovered 
when the X-ray structures were determined. An extra sulfur 
atom had been incorporated into each ligand, thus changing 
the normal dithiobenzoate to a trithioperoxybenzoate.
The existence of the trithioperoxy metal linkage has 
been established in several compounds and with several 
different metal centers, such as N i { I I ) , Z n ( I I ) , P d ( I I ) , 
Pt(II), Fe(III), Os(III) , and M o (I V > .*® - 1 00 These
w
3b
8 4
compounds are generally formed by oxidative addition by 
elemental sulfur or anionic polysulfides of transition 
metal dithio acid complexes to form trithioperoxycarboxy- 
lates. Single-crystal X-ray data have confirmed the 
disulfide linkage in these monometallic compounds (the 
osmium bridged complex is the only bimetallic o n e 10 5 ■1 0 6 ). 
Usually these compounds contain both normal dithiocarboxy- 
late bidentate ligands and the trithioperoxycarboxy1ate 
bidentate 1i g a n d s .100~ 10B
In 1982, sulfur addition to 1 , 1 -dithiolate ligands, L ,  
in (Cue Le ) 4 " cubane clusters was reported, where elemental 
sulfur addition yielded the "sulfur-rich" clusters 
[ C u b  ( L S ) f c ] 4 * with large organic cations, or [Cu« (LS)a)2- 
with alkali metal c a t i o n s . 109 Identification of the 
products was supported by ,3C NMR and IR data, but no 
single-crystal X-ray structures were obtained. Although 
several other copper cluster complexes with sulfur- 
containing ligands have been characterized (see Table III), 
only one of these complexes contained the trithioperoxy 
s pecies.8 4
The two new tetrameric copper(I) cluster compounds are 
shown above, with the 2,4 , 6 - trimethy1-substituted complex 
(compound 3a) on the left and the o - m e t h y 1-substituted 
complex (compound 3b) on the right. The molecules are seen 
to consist of four roughly tetrahedrally disposed copper 
atoms, each coordinated to three sulfur atoms. More 
significantly, each ligand which had begun as a
8 5
dithiobenzoate is now a txithiobenzoate, and the oxidation 
state of the copper has changed from two to one. It is 
clear that Cu(II) has served to oxidize the sulfur ligands, 
perhaps producing first free sulfur which then oxidizes the 
ligand to the trithioperoxy species by sulfur insertion or 
addition. It is not clear whether the ligand is oxidized 
before or after it has coordinated to the metal, but it is 
more likely that the dithio ligand complexes to the copper 
and is then oxidized by the sulfur.
For both copper clusters, there appear to be two 
categories of Cu-Cu interactions. Of the six imagined Cu 
tetrahedron edges, four are bridged by sulfurs (SI, S4, SI, 
S10) and the average Cu-Cu distance is 2.916X (range 2.808- 
3.038&) for compound 3a and 2.790& (range 2.761-2.825X) for 
compound 3b. The non-S-bridged edges have Cu-Cu distances 
of 3.286 and 3.575& for 3a and significantly shorter 
distances of 2.993 and 3.015X for 3 b .
Coordination by sulfur at each Cu center is trigonal.
A copper atom is situated nearly at the center of the 
triangular plane formed by the three sulfur atoms. The
distance of the copper atom from this plane ranges from
0,102-0.258X and averages 0.183X for 3a and ranges from
0.093-0.24lX and averages 0.177X for 3b. The Cu-S bond
lengths to non-bridging sulfurs (Snb*S3, S 6 , S9, S 1 2 ) , from 
coppers C u 2 , Cu3, Cu4, and Cul, respectively, average 
2.230X (range 2 .2 2 2 - 2 .236X) for 3a and average 2.229X 
(range 2.222-2.237X) for 3b. The Cu-S distances involving
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the bridging sulfur atoms (Sb=Sl, S4, S 7 , S10) can be
separated into two groups: those Cu-S bonds within the
same chelate ring and those Cu-S bonds between atoms in 
different chelate rings. The average Cu-S distances 
belonging in the former and latter groups are 2.234 and 
2 . 2 0 6 X for 3j* , respectively, and 2.274 and 2.230X for 3 b , 
respectively. Thus, the bridging sulfur atom, S b , is 
closer to the copper atom in the adjoining chelate ring 
than it is to the copper atom within its own ring.
The S-S bond lengths range from 2.043-2.065X and 
average 2.05lX for 3a. They range from 2 . 047- 2 .049X with 
an average of 2.048X for 3b. These distances compare quite 
well with the sulfur-sulfur distances in the other 
complexes containing trithioperoxycarboxy 1 ato ligands, 
which range from 2.007-2.16 6 X .99 - 1 0 8
The conformations of the ligands are such that the 
best planes of the aromatic rings are roughly orthogonal to 
the trithioperoxycarboxylate planes. For the 2,4,6- 
trimethyl compound 3a, these dihedral angles range from 
78.3-88.1° and average 84.6°. Those of the less sterically 
demanding o-methyl compound 3b are less orthogonal and more 
variable, ranging from 65.7-88.8° and averaging 75.3°.
The Cu tetrahedron in 3b is a much more regular 
tetrahedron than the one in 3j». The Cu-Cu distances in 3b 
are considerably shorter and have a smaller range than 
those in 3<i. Consequently, the Cu-Cu-Cu angles vary to a 
lesser extent in 3b, with a range of 56.6-65.8° . The Cu-
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Cu-Cu angles in 3a have a much greater range from 49.4- 
75.8°. The non-bridging Cu-S bond lengths are nearly 
equivalent in the two complexes, however, the Cu-S bridging 
distances show a great deal of variety. Because the Cu-Cu 
distances in 3_a are longer than those in 3b, the ligands 
are situated farther apart from each other, causing fewer 
steric problems and smaller deviations in the overall 
shorter Cu-S bridging distances. Although the Cu-Cu 
distances in 3b are shorter, this tends to enhance the 
packing problems and steric crowding. This is demonstrated 
by the larger Cu-S bridging distances in 3b and the much 
wider range of these same distances.
A comparison of the present struetures to that of the 
trithioperoxynaphthoate analog is made in Table V I I I .94 
There are indications that the latter is much more similar 
to 3b than to 3a^ This reflects the similar steric 
requirements of the o-methylphenyl and j.-naphthoate groups.
Recall from the Experimental section that there are 
three methods for preparing 3j* * All three methods result 
in crystals suitable for X-ray analysis. Method 1 provides 
the data that is the subject of the previous discussions. 
This complex has one solvent molecule of acetone associated 
with i t . These crystals are unstable with regard to 
solvent loss over a period of months. Methods 2 and 3 
yield identical crystals which are much more stable toward 
loss of solvent. These crystals have hexagonal space group 
P 6 i 22 (or P 6 a 22) , a=15.881(3), c= 37.341(11>X , Z = 6 ,
raLE-VIU
C u - C u j ,
Cu-Cunb
C u - S n b
Cu-Sb
s s
A CO M PA RISON  O F C O PP E R  C L U S T E R  COMPOUND D I S T A N C E S
I C114 ( 2 . 4 , 6- (C H  j  > j C j H j C S j S  I
2.108-3.018 
2 916 «v*
1.286. 3 575
2 227-2.236 
2,230
2.193-2 243 
2 220
2.043-2.065 
2.051
I Cu^ tg-CHjC^ H^ CSjSJ^ ]
7.761-2 825 
2 790 av*
7.993, 3.015
2 722-2 237 
2 2 2 <*
2 215-2 292 
2 252
2 047-2 049 
2 048
b-bridg*d 
nb-non-bridged
( i n  A ) . 
( C u4( « - C 10H7C S i S ) i ] S i ‘
2 701-2 901 
2 789 av*
2 991, 3 064
2 220-2.225 
2.223
2.21B-2.2B7
2.250
2 038-2 047 
2 044
V=8156(5)X3 , T=23° C , and 2< fci <75° . X-ray data were
collected from these crystals using CuKa radiation. At the
present stage of refinement, R=0.048 for 2243 observations. 
The Cu tetramer lies on a crysta1lographic twofold axis, 
and solvent disorder is severe.
An observation about the seven cluster compounds 
should be mentioned here. The three o-methy1-substituted 
clusters do not have any solvents associated with them, but 
all four of the 2 ,4,6 -trimethy 1 -substituted clusters have 
solvents in their crystal structures. The significance of 
this observation is unknown.
E. TRIPHENYLPHOSPHINE REACTION PRODUCTS
The seven triphenylphosphine reaction products can be 
divided into two categories by virtue of their different 
ligands. The q-methyl and 2,4, 6 - trimethy1 derivatives are 
discussed in the succeeding two sections, respectively, 
followed by a third section in which comparisons are made 
among all seven compounds.
1. [M(o-CHaCfcH«CS2 ) (PPha)*] where M = A u , x = l ; M = A g , Cu, x=2
Shown on page 90 are the three q-methyl derivatives. 
The gold complex has only one triphenylphosphine ligand and 
its o-methyldithiobenzoate ligand is monodentate in order 
for the Au(I) to satisfy its preference for linear 
coordination. The silver and copper compounds both have
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two triphenylphosphine ligands and a bidentate o- 
methyldithiobenzoate ligand because these univalent metals 
preferentially adopt a tetrahedral configuration.
Table IX lists the pertinent bond lengths and bond 
angles in these three compounds. There are two columns of 
data for the gold complex because there are two independent 
molecules per unit cell.
Because the gold compound is m o nodentate, the Au-Sl 
and Au-S2 distances are very different from each other.
The Au-Sl bond length is quite short compared to the other 
M-S distances, but that can be attributed to the tendency 
toward lower coordination number for gold. The Au-P bond 
distance is short for the same reason. The M-S and M-P 
distances are all shorter in the copper derivative than in
4c
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the silver one, as is expected from the difference in their 
ionic radii--copper being smaller than silver.
The Sl-Cl and S2-C1 distances are very similar to each 
other in the copper and silver compounds. In the gold 
compound, however, these lengths differ because there is no 
Au-S2 bond, so the Sl-Cl bond is closer to a single-bond 
and S2-C1 has much more double-bond character.
The triphenylphosphine P-C bond lengths average 1.830A 
in the copper co m p l e x , 1.822X in the silver c omplex, and 
1. 814X in the gold co m p l e x . This disparity occurs because 
the Cu-S and Cu-P bonds are shorter and stronger than the 
Ag-S and Ag-P bonds, thereby causing the P-C bonds in the 
copper compound to be longer and weaker than those in the 
silver compound due to steric effects. The P-C lengths in 
the gold compound are even shorter than these. This is 
probably because there is only one Au-S and one Au-P bond 
and virtually no steric hindrance.
The S1-S2 chelate bite increases in the order 
Cu<Ag<Au. This correlates well with the S1-C1-S2 angles 
which also increase Cu<Ag<Au. The S1-M-S2 bond angles 
decrease in the order Cu>Ag>Au. This trend corresponds to 
the increase in the M-S bond lengths Cu<Ag. The gold 
compound cannot be included because there is no Au-S2 bond.
The four S-M-P bond angles in the copper and silver 
compounds reflect the tetrahedral configuration of the 
metals. The Sl-Au-P bond angle of 174° reflects the linear 
nature of the gold(I) complex. The P1-M-P2 bond angle in
the copper compound is larger than in the silver compound, 
probably due to the repulsions of the PPh 3 ligands which 
are in closer proximity to each other as a result of the 
shorter Cu-P bond lengths.
The Ag-S-Cl angles are larger than the Cu-S-Cl angles 
mos t likely because the Ag-S distances are considerably 
longer than the Cu-S distances, while there is little 
variance between the S-Cl and S1-S2 distances in these 
complexes. These M-S1-C1 and M-S2-C1 angles are similar t 
one another in the same compound, probably because the 
corresponding M-S and S-Cl bond lengths are also similar t 
each other. The Au-Sl-Cl and Au-S2-Cl angles have quite 
different values, likely because there is no bond between 
Au and S 2 , hence there is no strain in the Au-Sl-Cl a n g l e . 
This lack of strain can probably also explain the somewhat 
larger S1-C1-S2 angle in the gold compound.
The dihedral angle between the CCS 2 plane and the 
aromatic ring has the nearly identical value, 53.55 and 
53.91°, for the copper and silver complexes, respectively. 
One of the gold molecules in the unit cell has a slightly 
smaller value of 49.51°, but the other gold molecule has a 
dihedral angle of 73.45°. This could be caused simply by 
packing effects in the crystalline state.
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2. [HI 2,4, 6 - (CH3 )3 CtHaCS 2 t (PPh3 )« ] where M = A u , x=l,2;
M = A g , Cu, x=2
The four 2,4, 6 -trimethyl derivatives are illustrated 
below. There are two gold complexes, one with linear 
coordination, one triphenylphosphine ligand, and a 
monodentate 2 ,4,6 - trimethyldithiobenzoate ligand, whereas 
the other gold complex is akin to the copper and silver 
analogs with tetrahedral coordination, two 
triphenylphosphine ligands, and a bidentate 2,4,6- 
trimethyldithiobenzoate ligand.
9 5
The important bond distances and bond angles of the 
three bidentate derivatives are tabulated in Table X.
There are two columns of data for the gold complex because 
once again there are two independent molecules per unit
cell.
The Au-Sl and Au-S2 bond lengths differ greatly from 
each other, as opposed to the M-Sl and M-S2 distances in 
the copper and silver compounds, which differ only 
moderately. This large difference could be a reflection of 
the tetrahedral configuration being less stable for 
gold(I). The M-Pl and M-P2 distances in the gold 
derivative are also more divergent than those in the copper 
and silver complexes. The M-P lengths increase in the 
order Cu<Au<Ag, which may be interpreted in terms of the 
apparent causes of the lanthanide contraction--the large 
contraction of the s and p shells that takes place between 
the fifth and sixth periods which causes the outermost d 
shell to become better shielded from the nuclear charge the 
higher the period. In other words, the gold 5d electrons 
are much more favorable for covalent bond formation than 
those of the silver 4d electrons . 1 1 0 As expected, the M-S 
and M-P bond lengths are all shorter in the copper complex 
than in the silver one.
The Sl-Cl and S2-C1 bond distances are not only 
similar to each other in all three compounds, but they are 
relatively close in value regardless of the metal. The 
only exception to this occurs in the second independent
TABLE X . SELECTED BOND DISTANCES (in A) AND BOND ANCLES (in D*gr**s) FOR [H(2 A .6 -(CH3 )3C6 H?CS?U P P h 3 )2 1 WHERE N-Cu.Ag.Au 
[ C u U 14,6-(CH3)3C6 H4CS2 J(PFh3 )2] [Ag( 2 . i . 6 - (CH3 > 3 CS 2 1 (PPhj)^ } [ Au| 1 .4 ,6 -<CH3) jCgHjCSjHPPhi);]
N-Sl 2.4554(4) 2.654(1)
(2 Independent aoleculei
2.635(5) 2.631(5)
N-S2 2.4293(3) 2.692(1) 2,826(5) 2.850(5)
K-Pl 2.2702(3) 2.468(1) 2.337(3) 2 311(3)
M-P2 2.2649(3) 2 .465(1) 2 353(4) 2.319(4)
Sl-Cl 1 675(1) 1 672(5) 1 .6 6 (2 ) 1.72(1)
S2-C1 1 6 8 6 (1 ) 1.675( 5) 1.69(2) 1 62(1)
Pl-Cll 1.827(1) 1.811(5) 1. 79(2) 1.91(2)
PI-Cl 7 1 824(1) 1 822(5) 1.87(2) 1 79(1)
P1-C23 1.829(1) 1.821(5) 1 78(1) 1.85(2)
P2-C29 1 827(1) 1 821(5) 1 .8 6 (1 ) 1 83(1)
P2-C35 1 828(1) 1.818(5) 1.82(2) 1.82(2)
P2-C41 1.831(1) 1819(53 1.76(2) 1 85(2)
S1-S2 2.9077(7) 2 930(2) 2. 916(7) 2 927(6)
SI -N-S2 73 08(1) 66 47(4) 64.4(1) 64 .3(1)
SI-K-PI 1 1 2 ,2 0 (1 ) 117.70(6) 109.1(2) 113.3(2)
SI-H-P2 1 1 2 .6 6 (1 ) 114 .75(4) 116.4(2) 108.8(2)
S2-N-P1 117.35(1) 114 26(5) 111.2(7) 1 1 0 .2 (1 )
S2-H-P2 113.13(1) 112.81(5) 109.4(1) 100.5(1)
P1-H-P2 119.45(1) 119.42(4) 1284(?1 135.4(2)
K-S1-C1 83.06(4) 86.13(16) 90 6 (6 ) 89 4(5)
N-S2-C1 83 70(4) 84.87(16) 83 6(5) 83.9(5)
S1-C1-S2 119 82(7) 122 15(7?) 121(1 ) 1 2 ? ?f9)
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gold complex molecule. More evidence that this molecule 
appears to be fairly distorted will be pointed out in the 
following discussions.
The P-C bond lengths in the triphenylphosphines 
average 1.828X in the copper complex, 1.819X in the silver 
complex, 1 .8 lX in the first gold complex, and 1.84X (more 
evidence of distortion) in the distorted gold complex. The 
same reasoning can be used here that was applicable in the 
case of the o-methyl derivatives. The Cu-S and Cu-P 
distances are shorter than the Ag-S and Ag-P d i s t a n c e s , 
hence the P-C distances in the copper compound are longer 
than their counterparts in the silver complex. The P-C 
lengths in the normal gold compound are the shortest of 
all. Th is could possibly be due to the large Pl-Au-P2 
angle which minimizes any steric hindrance. The P1-M-P2 
bond angles in the copper and silver compounds are 
virtually identical. The Pl-Au-P2 angle (135.4°) in the 
distorted gold complex is inexplicably very large.
The S1-S2 bites of the bidentate ligands relate 
directly to the S1-C1-S2 bond angles; as the S1-S2 distance 
increases slightly from Cu<Au<Ag, so too does the S1-C1-S2 
angle. The 51-M-S2 angle decreases Cu>Ag>Au as the 
corresponding M-S average distances increase Cu<Ag<Au.
The S-M-P angles in all the compounds reflect the 
tetrahedral coordination of the metals. It should be noted 
that the most variation in these angles occurs in the 
distorted gold co m p o u n d .
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The M-SI-Cl and M-S2-C1 bond angles differ from each 
other correspondingly as the M-Sl and M-S2 bond distances 
differ from each other within the same compound. At the 
same time, as the average M-S distance increases Cu<Ag<Au, 
the average M-S-Cl angle likewise increases Cu<Ag<Au.
The dihedral angle between the CCSa plane and the 
Pi ane of the phenyl ring has practically the same value, 
87.67 and 88.0° , for the copper and silver complexes, 
respectively. The distorted gold complex has a slightly 
smaller dihedral angle of 85.12° , while the other gold 
complex has a large dihedral angle of 100.47° . This 
difference in dihedral angles of the two gold molecules 
might be attributable to crystal packing forces.
3. [M(L ) (PPh 3 )x ]: Comparisons and Generalizations
The prominent bonding data of the two monodentate 
linear gold compounds are enumerated in Table X I . The Au-P 
and the average P-C bond lengths are very similar for these 
two complexes. The Au-Sl length in the 2 r4,6-trimethyl 
derivative is shorter than in the o-methyl derivative, but 
this is countered by a very much longer Au-S2 distance in 
the former compound. From the illustrations of these 
compounds shown previously, it can be seen that the 2,4,6- 
trimethyl ligand is bent toward the triphenylphosphine 
ligand in an unusual and unexpected manner. This unusual 
bend explains the long Au-S2 length and the unusually small
TABLE X I . SELECTED BOND DISTANCES (In A) AND BOND ANCLES (in
D*gr«s) FOR | Au(L) (PPhj) 1 WHERE L H  2 , 4 .6 ■ (CH3 )3C6 HjCS2 I 
(2-CH3C6H6CS2)
Au-Sl
Ao-S2
Au-P
51-Cl
52-C1 
P-Cll 
P-C17 
P-C23 
S1-S2
SI-Au- 
Sl-Au-F 
Au-Sl- 
Sl-Cl-
[Au(2>,6-(CH3 )3C6H2CS2l(PPti3) 1 | Auic-O^CjH^CS?) (PPh3) ]
2 305(2) 
4 806(2) 
2 260(2) 
1.713(7) 
1 650(6) 
1 *06(6)
1 *05(6) 
1 822(6)
2 927(3)
(2 Independent aolecules)
2.324(2) 2 323(2)
3.260(3) 
2 256(2) 
1 708(7) 
1.643(6) 
1 815(6) 
1 *18(6) 
1 812(6) 
2.963(3)
3 277(3) 
2.252(2) 
1 709(6) 
1 639(6) 
1 807(6) 
1 819(6)
1 813(6)
2 9*1(3)
2
1
2
26 41(5) 
177 87(7) 
104 3(2) 
121 0(6)
61 79(7) 
173 92(6) 
101 74(21) 
124 32(38)
61 58(7) 
174 33(6) 
101 61(22) 
125 83(37)
1 0 0
Sl-Au-S2 angle. This angle in the q-methyl derivative is 
similar to the one in the other bidentate gold complex.
The Sl-Cl and S2-C1 distances still reflect the 
inequality of these bond orders in the monodentate ligands. 
The Sl-Cl bond length in the 2,4,6-trimethyl derivative is 
slightly longer than in the q-methyl compound because the 
Au-Sl distance is shorter in the former than in the latter.
The Sl-Au-P angle (177.87°) demonstrates that the
2 ,4,6 -trimethy 1 derivative is closer to linearity than the 
q-methyl derivative. This may be related to the greater 
steric bulk of the 2 ,4,6 -trimethyldithiobenzoate ligand 
being forced farther away from the PPha ligand, as opposed 
to the less bulky o-methyldithiobenzoate ligand which 
should not be as constrained by steric demands.
The S1-S2 bite in the 2,4, 6 -trimethy1 derivative is 
smaller than it is in the q-methyl derivative, and the Sl- 
C1-S2 angle is correspondingly smaller in the first 
compound than in the second one.
The oddly bent 2,4,6-trimethyl derivative has a 
dihedral angle of 95.89° between the CCSj plane and the 
phenyl ring plane. This value is not very similar to any 
of the triphenylphosphine complexes. The dihedral angles 
of all four compounds with 2 ,4,6 -trimethyldithiobenzoate 
ligands are larger than those of the q-methyl derivatives, 
reflecting the greater steric bulk of the 2 ,4,6 -trimethyl 
substituents.
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When comparing the two copper complexes to each other, 
it is noteworthy that their bond lengths and bond angles 
are all exceedingly alike. The main difference occurs in 
the P1-M-P2 angle. The smaller angle in the 2,4,6- 
trimethyl derivative is probably a reflection of the larger 
steric effect of the trimethyl-substituted ligand, which 
forces the two PPha ligands a few degrees closer together.
The same statements hold true for a comparison of the two 
silver complexes.
Two of the three gold complexes were just compared to 
each other in this section. No real comparisons among the 
three gold compounds can be made because they are so 
different from each other, with respect to linear versus 
tetrahedral, monodentate versus bidentate, and one PPh 3 
ligand versus two PPha ligands. However, comparisons with 
sulfur- and phosphorus-containing gold compounds in the 
literature can be made. Although no tetrahedrally- 
coordinated gold compounds of this type were found during a 
search of the chemical literature, several linearly- 
coordinated ones have been reported. The dimer,
[AUSCH 2 CH*PEta]x , has an Au-S distance 2.31X and an Au-P 
distance 2.21%, with an S-Au-P angle 173.5°.111 Another 
compound which is very similar to the ones in the present 
study is [A u (EtaNCSi) (PPhs )] .11 * Some of its pertinent 
distances are Au-S 2.338, Au-P 2.251, Sl-Cl 1.749, S2-C1 
1.684, and the P-C distances range from 1.794-1.829 and 
average 1.813&. The S-Au-P angle is 175.7° . Two rather
1 0 ?
unusual complexes, [(Phs P A u ) 2 S]■CH 2 CI 2 and
[(PhiPAu)iAu' t(CHa)aSnCla]_ , both contain bond lengths and 
bond angles quite comparable to the present gold 
compounds.1 1 3 - 11 * Some average distances and angles are 
listed below for the former and latter complexes, 
respectively: Au-S 2.159 and 2.323, Au-P 2.134 and 2.256,
P-C 1.832 and 1.798X, S-Au-P 177.7 and 171.5°.
A few literature examples were found of silver and 
copper compounds which are coordinated in a distorted 
tetrahedral fashion to two sulfur atoms and two 
triphenylphosphine ligands. In [A g (PPha)2 ]3 M (OzC 2 S2 )a 
where M=A1 or F e , the average bond lengths and some 
selected bond angles are: Ag-S 2.589 and 2.586, Ag-P 2.478
and 2.468, P-C 1.832 and 1.828X, Sl-Ag-S2 83.2 and 83.3,
Pl-Ag-P2 113.4 and 115.2° , respectively.119 The Sl-Ag-S2 
angles are larger in these compounds than those in the 
present study because the sulfurs are not bonded to the 
same carbon atom but to adjoining ones, so there is very 
little strain on the Sl-Ag-S2 angles.
Muller and co-workers characterized a series of 
compounds with the general formula
[{PPha )a M 2 M 'S«] ■ 0. 8 CH 2 Cli , where M=Cu, Ag and
M 1= W ,M o . 1 1 6 ■ 1 1 8  Some average bond lengths and a few 
selected angles are given here for the tungsten compounds 
with copper and silver, respectively: M-S 2.332 and 2.578,
M-P 2.307 and 2.459, P-C 1.822 and 1.847X, S1-M-S4 99.4 and
89.7, P1-M-P2 118.8 and 121.3°. In these compounds the
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sulfur atoms are bridging two metal atoms, so the S1-M-S4 
angles are expected to be much larger than those in the 
present complexes. The other distances and angles in these 
compounds are relatively similar to the ones in the current 
s t u d y .
Of dubious significance is the fact that the three 
gold compounds have no solvent molecules associated with 
them, whereas the copper and silver complexes all have 
associated solvent molecules in their crystalline states.
No profound explanation comes to mind, but it does seem as 
though the gold complex molecules fit better into a solid 
structure without intervening solvent molecules than is the 
case with the copper and silver com p l e x e s .
F. MISCELLANEOUS COMPOUNDS AND OBSERVATIONS
The three remaining compounds whose single-crystal X- 
ray structures were determined are described in this 
section. They are not cluster compounds, although that was 
the hope when they were prepared, nor are they 
triphenylphosphine reaction products.
The first compound is (n-Pr* N ) [Z n {0 - C H 3  Ct H< CS2 (3] . 
There are two independent molecules per unit cell in the 
crystal. The zinc atom in each molecule is octahedrally 
coordinated (Zn2 being a pseudo-octahedron) to six sulfur 
atoms, as is shown below. The Znl-S distances range from 
2.461-2.603X and average 2.55lX, but the Z n 2 -S distances
1 04
range from 2.301-3.433X and average 2.657X. The former 
zinc atom has three bidentate ligands attached to it, 
whereas the latter zinc atom has only one bidentate ligand 
and two monodentate ligands. The Zn2-S10 (2.96lX) and Zn2-
S 1 2  (3.433X) dist ances are too long to be considered 
bonding distances— hence, the distorted octahedral 
conf igura t i o n .
X4
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The S-C distances range from 1 . 633-1.698X and average 
1.665X. The S-C distances correlate relatively well to the 
Zn-S distances. In general, as the Zn-S* distance 
increases, the corresponding S*-C distance decreases.
Five of the S-C-S angles range from 119.9-122.9° and 
average 121.5°. The S11-C41-S12 angle is 127.3°, which is 
significantly different from the others due to the 
monodentate nature of the ligand and the large variance
105
between the S11-C41 and S12-C41 distances. The four 
bidentate S-Zn-S angles average 69.81° and range from 
68.04-72.20° .
The next compound to be described is (n-Pr<N)[Cd(o- 
CHj C6 C S 2 )3 ] . U n fortunately, the best crystal synthesized 
was of relatively poor quality, as well as being twinned. 
These crystals have a formula weight of 800.6, monoclinic, 
space group P2i/c, a = 1 7 .699(9), b = 1 4 .809(12), c = l 5.515(5)X , 
 ^= 97.79 (4)°, Z = 4 , V = 4 0 2 9 (7)X3 , dc =1.320 gcnr 3 , T=22°C, 
u (MoRu ) = 8  . 62cm- 1 , 188 variables, l < f^ <25°, R = 0.176 for 2793 
data with I > 3 o (I ) . The ref inemen t was suspended at this 
point because the structure was identified and it was not a 
cluster as had been hoped. Neither the coordinates for the 
non-hydrogen atoms nor the bond distances or bond angles 
are reported because the refinement is incomplete and there 
is too much uncertainty involved.
The final compound to be discussed is actually the 
first one which was identified during the course of this 
research. [AuClz (Et a N C S a }] is a well characterized, 
square-planar gold(III) c o m p l e x . 1 19■ 1 2 0 An exhaustive 
literature search failed to turn up a crystal structure 
determination of this species. This may be due to the fact 
that there exists an as yet unresolved space group 
ambiguity. Final refinement has not been accomplished; 
however, based on preliminary refinements in space group 
Pn2ia, the following data--tentative in nature— was 
c o l l e c t e d .
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Dichlorodiethyldithiocarbamatogold (I I I ) has somewhat 
distorted square-planar coordination at the gold atom due 
to the Sl-Au-S2 angle of 75.40° , which is strained because 
the ligand is bidentate. The Au-Cl distances are identical 
at 2.317X and the Au-S distances vary slightly from each 
other, Au-Sl being 2.300X and Au-S2 being 2.286X. Because 
the Au-Sl bond length is greater than the Au-S2 bond 
length, the Sl-Cl distance is less than the S2-C1 distance.
I V . 1 3 C, »H, AND 31P NMR STUDIES
A- INTR O D U C T I O N
During the past thirty-five years, nuclear magnetic 
resonance has emerged as one of the most powerful 
approaches for investigation of molecular structure and 
dynamics in solution and the solid state. Until recently, 
high-resolution NMR spectra could not be obtained for solid 
samples because the spectra were broad and unresolved.
There were two primary reasons for this poor resolution. 
Besides the indirect spin-spin (J) coupling between nuclei 
that occurs through bonds, nuclear magnets also can couple 
directly through the interaction of their nuclear d i p o l e s . 
This dipole-dipole (D) coupling occurs through space and is 
much larger than the J coupling. In solution, dipoles are 
continuously reorienting through molecular tumbling and 
thus have no net dipolar interaction. The indirect J 
coupling is not averaged to zero because a through-bond 
mechanism cannot be destroyed by tu m b l i n g . In the solid 
phase, where there is no molecular tumbling, nuclear 
dipoles are held rigidly in place. The dominant 
interaction between nuclei therefore is the dipolar 
coupling, which tends to overpower J couplings and even 
most chemical shifts; then all that is observed is a broad, 
almost featureless band.
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A second factor that contributes to line-broadening 
for solids is the anisotropy of the chemical shielding. In 
s o l u t i o n , as a result of tumbling, the observed chemical 
shift is the average of the shielding around a nucleus for 
all orientations in space. In the solid state, due to the 
lack of tumbling, the shielding varies for a given nucleus 
with its orientation in the field. Many of these line- 
broadening effects have been successfully overcome by the 
recent development of artificial 1 ine-narrowing techniques 
that are described b e l o w . 1 2 1 - 1 2 3
It should also be mentioned that this rapid molecular 
motion in solution will tend to yield an averaged spectrum 
containing only a single NMR pattern for each non­
equivalent nuclear species. Conformational effects can 
only be addressed in the solid phase because it is here 
that they are "frozen" in place; minimal vibrational 
averaging can occur. Solid-state NMR spectra can actually 
exhibit two sets of signals for each non-equivalent nuclear 
species that is present in two different conformations.
This ability to provide conformational information has 
particular importance in systems where X-ray structural 
analysis is impossible because of the inability to grow 
large single crystals.
Despite the relative ease of obtaining high-resolution 
NMR spectra of liquids and the relative difficulty of 
employing line-narrowing techniques for solids, sometimes 
there is no alternative but to utilize solid-state NMR
1 09
exper i m e n t s . Such was the case in this research. All 
gold(I) dithiobenzoate compounds synthesized were initially 
determined to be insoluble in most common organic solvents; 
hence the use of solid-state NMR took on increased 
importance. It was later found that the o-methyl- and the 
2 ,4,6 -trimethyldithiobenzoate gold complexes were slightly 
soluble in CSj and C S a /CHCI3 , respectively. Single-crystal 
X-ray structure determinations were obtained for these two 
c o m p o u n d s , as well as solution-state 1 3 C NMR sp e c t r a . 
Information from these three sources— X-ray, solid-state 
NMR, and solution-state NMR--was utilized to more fully 
characterize these compounds and to aid in the 
interpretation of the solid-state NMR data. The objective 
of many solid-state NMR spectroscopists is to eventually 
have enough solid-state NMR data compiled to enable 
researchers to identify their compounds based solely on 
solid-state NMR data, without the benefit of X-ray crystal 
structure determinations.
For organic compounds in the solid state, it is more 
advantageous to observe the 13 C n u c l e i , which are 
isotopically very dilute, than protons (*H), which produce 
a strong homonuclear dipolar coupling resulting from their 
high natural abundance. Additionally, I3C has a much 
larger (isotropic) chemical shift range than proton ( 2 0 0  
versus 1 0  ppm) through which subtle structural differences 
can be more easily distinguished.
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The following is a brief description of the cross­
polarization magic angle spinning (CP-MAS) NMR experiment 
that was employed during this research. The dominant 
source of broadening of 13C lines in solids is 1 3 C- lH 
heteronuclear dipolar interactions (-10-40kHz in 
magnitude). Removal of this 1 3 C-‘H dipolar broadening is 
accomplished by coherent averaging via strong irradiation 
(decoupling) at the proton resonance frequency. 
Consequently, individual carbon resonances are subject to 
residual broadening by chemical shift anisotropy. This 
additional source of broadening derives from the 
directional dependence of the chemical shift associated 
with a spatial nonuniformity in magnetic shielding of the 
nucleus by the surrounding electrons. Unlike in solution, 
where an average chemical shift is observed due to very 
fast molecular tumbling, in the solid state the chemical 
shift for a given nucleus will depend on the molecular 
orientation with respect to the applied magnetic field. 
Removal of this broadening is accomplished by mechanically 
rotating the sample about an axis inclined at the magic 
angle (54.7°) relative to the applied magnetic field at a 
fast rate compared to the anisotropy expressed in frequency 
units. The outcome of MAS is coherent averaging of the 
shielding anisotropy. Ideally, in combination with proton 
irradiation, this produces a 13C spectrum in which each 
magnetically distinct carbon appears as a narrowed single 
resonance at a frequency characteristic of the isotropic
1 1 1
chemical shift for the solid state. Sensitivity 
enhancement is achieved by rotating-frame transfer of 
polarization (cross-polarization) between the protons and 
the c a r b o n s . 1 24 ■ 1 2 5
Because the chemical shift anisotropy is linearly 
field dependent, it is virtually impossible to average 
completely on higher field (>100MHz) spectrometers. The 
necessary sample spinning rates are technologically 
unattainable at present. Utilizing spinning frequencies 
smaller than the chemical shift anisotropy results in the 
spectrum exhibiting spinning sidebands separated by the 
spinning frequency symmetrically placed about the isotropic 
average peak. Methods for suppressing these sidebands have 
been d e v e l o p e d . 1 2 6
In an interrupted-decoupling or dipolar-dephasing 
experiment (which was not done during this research) the 
magnetization of 1 3 C nuclei to which one or more protons 
are directly bonded is allowed to evolve (dephase) during a 
period in which the decoupler is off. With typically 40 to 
lOO^sec of decoupling interruption, magnetization of only 
those carbons without directly attached protons survive 
strongly in the 13C CP-MAS spectrum. This technique can 
aid in the distinction between otherwise overlapping 
resonances that correspond to discrete structural 
s i t u a t i o n s . 12 7
As an example of the preceding discussion, Figure 3 
illustrates the differences between the I3C spectrum of L-
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Figure 3. L-ascorbic acid (vitamin C ) : a) solution-state,
b) solid-state CP-MAS, c) solid-state CP-MAS 
with sideband suppression, and d) solid-state 
CP-MAS with dipolar dephasing
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ascorbic acid (vitamin C} under various experimental 
conditions, namely, solution-state, solid-state CP-MAS, 
solid-state CP-MAS wi th sideband suppression, and solid- 
state CP-MAS with dipolar dephasing.
The DMSO-d* solution spectrum of L-ascorbic acid shows 
only a single set of signals for the average conformation 
of the carbons in this compound. In the solid-state CP-MAS 
spectrum a doubling of some of the signals indicates that 
the compound exists in two different conformations in the 
solid state. The next spectrum is simply a duplication of 
the previous one with the addition of the total sideband 
suppression (TOSS) experiment. The final solid-state CP- 
MAS spectrum vividly illustrates the result of the dipolar 
dephasing experiment. Those signals which occur due to 
carbons with directly attached protons are absent from this 
spectrum.
B. SOLUTION-PHASE AND SOLID-STATE CP-MAS t3C NMR SPECTRA
AND CHEMICAL SHIFT ASSIGNMENTS
It was possible to obtain 13C NMR spectra for five of 
the nine gold(I) dithiobenzoate complexes prepared in this 
study. After the solid-state CP-MAS 13C NMR spectrum of 
the {1 -dithionaphthoato)g o l d (I) complex was acquired, it 
was quickly realized that this spectrum was uninterpretable 
due to the numerous, broad overlapping signals in the 
aromatic region. Based on the same reasoning, the p-phenyl
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and p-benzoyl derivatives were not attempted; they, too, 
would probably prove impossible to interpret. The p-formyl 
and p-acetyl derivatives could not be obtained in large 
enough quantities to permit spectral data collection. The 
o-methyl-, 2 ,4,6 -trimethyl-, p-methoxy-, and p- 
fluorodithiobenzoatogold(I ) complexes were all investigated 
by solid-state CP-MAS 13C NMR. Solution-phase 1 3C spectra 
were also obtained for the o-methyl and 2 ,4,6 -trimethyl 
derivatives once their sparing solubilities in CSa and 
CSa/CHCla were determined and after the recent acquision of 
a 400MHz NMR spectrometer.
The 400MHz solution-phase 13C NMR spectra for hexakis- 
(o-methyldithiobenzoato)hexagold(I) and bis<2,4,6- 
trimethyldithiobenzoato)d i g o l d (I ) in the 0-260ppm range are 
shown in Figures 4 and 5, respectively. For the sake of 
comparison, the 100MHz I3C spectrum of tetra-n- 
Ptopylammonium 2,4, 6 - trimethyldithiobenzoate is shown in 
Figure 6 . Throughout the text, the numbering system for 
the phenyl carbons is based on C(l) being the carbon 
attached to the CSS group with C(2) and C( 6 ) on either side 
of C <1) in the ortho positions. Carbons labeled C(3) and 
C(5) are in the meta positions and C{4) is the para carbon.
The extreme low-field resonances (>240ppm) in the 
spectra of the gold complexes (Figure 4, peak h and Figure 
5, peak g) are unequivocally assigned to the thiocarbonyl 
carbons by comparison with the spectra of similar 
dithiobenzoate salts, acids, and molybdenum complexes
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Figure 4a. Solution-phase 400MHz 1 3 C NMR spectrum of
hexakis(o-methyldithiobenzoato)hexagold(I) in
CS:/CDC1./TMS
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Figure 4b. Expanded solution-phase 400MHz 1 3C NMR spectrum of
hexakis{o-methyIdithiobenzoato)hexagold(I) in the 124- 
148ppm region
n O iww  l#i wl i ip
# d c
j
-n—  
2E0
’' T '"
240
'— I—  
200
" T "
160220 160
.—  
H O 120 100 00
T'
60
’T '
40
Figure 5 Solution-phase 400MHz 13C NMR spectrum of
bis(2,4,6-trimethyIdithiobenzoato)digold(II in
CSz/CDCli/TMS
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Figure 6. Solution-phase 100MHz 11C NMR spectrum of tetra-
n-propylammonium 2,4,6-trimethyldithiobenzoate
in CDCla
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discussed in Dr. R o b e r i e 's d i ssertation .0 9 Likewise, the 
extreme high-field resonances in the spectra are assigned 
to the o-methyl carbons (Figures 4 and 5, peaks a ) . The p- 
methyl carbon in the gold dimer complex (Figure 5, peak b) 
is assigned on the basis of its weaker intensity compared 
to the peak for the two o-methyl carbons (Figure 5, peak 
a) .
The aromatic region (~110-160ppm) of the spectrum for 
the hexameric gold complex, at first glance, appears very 
complicated. Upon closer inspection, the two low-field 
peaks (146.9 and 132.6ppm) are assigned to the C(l) and 
C(2) carbons, respectively, due to their weaker intensities 
owing to the low nuclear Overhauser enhancements for these 
quaternary carbons and by comparison with the spectral 
assignments for o-methyldithiobenzoic acid and tetrakisfo- 
methyldithiobenzoato)m o l y b d e n u m (I V ) (see Table XII). The 
four remaining arene carbons are likewise assigned by 
comparison with the aforementioned compounds to the four 
largest peaks in the 124-131ppm region. The other less 
prominent peaks are the result of decomposition of the 
hexamer in solution during the data collection time.
Evidence of this decomposition was based on the yellow 
color of the freshly prepared CS 2 /CDCla sample solution at 
the commencement of the NMR experiment and the subsequent 
orange solution containing purple particles that remained 
at the conclusion of the experiment the next d a y .
TABLE XII. l3C CHEMICAL SHIFTS (PPM) OF ORTHO-METHYL AND 2,4,6-TRIMETHYL DERIVATIVES
COMPOUND C ( l ) C ( 2 ) C ( l ) C < 4 ) C(  51 C ( 6 ) CSS 2 -CH3 E - C H3
a M n s a L u £
n - P r i , ? !  | j -CH j C j H ^ CS j  ] 1 5 9 . 6 1 2 9 . 7 1 2 9  } 12 4  7 12 4  5 12 4  2 2 5 9  1 1 9 . 5
8 - C H j C ^ H t C S ; H 1 9 8 . 2 112 .6 1 2 9  5 1 ) 0  9 1 2 5  5 1 25  5 2)2 0 19  7
I H o f a - C H j C ^ C S j ) * ! 1 6 3  1 1 1 6  0 1)0 6 n i  6 12 6  7 1 2 5 . 7 220 7 1 9 . 7
( ( 2  - CH j C j H ^ C S2 ) 61 1 6 6  9 1 32  .6 12 9  0 110 2 1 2 6  8 1 2 4  9 2 4 1  7 1 9 .  7
SOLI D STATE 1 3 C
( A u $ ( 2 ' C H j C ^ H 4 C S 2 ) 6 l 1 6 1 . 8 1 5 1 . 7 ,  
1 6 4  0
1 2 5  8 1 3 )  0 121  9 1 1 5  5 16  6
C ( l ) C ( 2 ,6 ) C (3 , 5 ) C ( 4 )
s n u i n f l i L n £
D - P r 4 N l 2 . A , 6 - ( C H 3 ) ] C i H 2 C S ? ) 1 5 6  6 12 8  7 1 2 7 8 1 ) 2  4 26 1  0 19 3 2 0  7
[ A u2 ( 2 . 9 , 6 - ( CH3) j C j H j C S ? I  2 1 1 6 6  2 13 1  5 128  4 1)8 2 2 55 6 1 9 . 2 21 1
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The dimeric gold complex yields a much simpler 
spectrum in the aromatic region. The low-field peak 
(146.2ppm) of the four is again assigned to the C{1) 
carbon. The carbon para to the electron-withdrawing CSS 
substituent, C(4), is assigned as the next low-field 
resonance at 138.2ppm. The high-field and largest peak 
(124.5ppm) in the aromatic region is assigned to the 
unsubstituted C(3,5) carbons. The smaller, adjacent 
resonance (131.5ppm) is assigned to the methyl-substituted 
C(2,6) carbons. This solution spectrum of the dimeric gold 
complex compares favorably with that of the 
tetrapropy 1 ammoniurn salt containing the same ligand (see 
Figure 6 ).
The solid-state NMR spectra of the four gold complexes 
in the 0-260ppm range are shown in Figures 7-10. As can be 
seen from these spectra, solid-state CP-MAS 1 3C NMR spectra 
are still subject to noticeably larger line widths than 
solution-phase spectra, even after applying all the 
artificial line-narrowing techniques. The anisotropic 
chemical shifts of solid-state spectra cannot be directly 
compared to the isotropic chemical shifts of solution-phase 
spectra, but the observed values are oftentimes fairly 
similar to each other. Therefore, the peak assignments for 
the solid-state spectra are based on the relative locations 
of adjacent resonances in comparable solution-state 
spec t r a .
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In Figure 7, the spinning sidebands in the spectrum 
are indicated by asterisks. The succeeding three figures 
are all of spectra obtained after the total sideband 
suppression experiment was performed (designated by the 
"with TOSS'* notation in the figures). The thiocarbonyl 
carbon peak cannot be seen above the baseline in any of the 
spectra, with the exception of the (p~
fluorodithiobenzoato)gold(I ) complex (Figure 10, peak e).
The o-methyl carbon resonances in the o-methyl and 2,4,6- 
trimethyl derivatives (Figures 7 and 8 , peaks a) and the p- 
methyl carbon resonance in the 2 ,4,6 -trimethy 1 derivative 
(Figure 8 , peak b ) , as well as the p-methoxy carbon 
resonance in the p-methoxy derivative (Figure 9, peak a) , 
all occur in relatively similar vicinities to their 
solution-phase counterparts; Tables XII and XIII may be 
consulted for details.
The aromatic carbon chemical shift assignments for the 
hexameric o-methyl complex present an added difficulty 
because there are seven peaks and only six carbons. The 
farthest downfield peak in Figure 7 at 161.8ppm is assigned 
to the C (1) carbon adjacent to the CSS group. The 
neighboring two sharp, but weaker, peaks at 151.7 and 
144.0ppm are assigned to the C(2) methyl-substituted 
quaternary carbon atom. The appearance of two peaks for 
this carbon is unexpected because the unit cell for this 
compound contains only one crystallographically independent 
molecule. If, however, in the crystal there are subtle
TABLE XIII » C CHEMICAL SHIFTS (PPM) OF PARA - HETH0X7 AMD PARA - FLUORO DERIVATIVES
COMPOUND C(i) C(2.6) C O . 5) C(4) CSS e -o c h 3
SQLUTION-l^C
EtN(a-CH3OC^H4CS2t US. 5 128 8 1114 161.1 251.0 55 6
g-CHjOCjH^CSjH 136.5 129 3 113 4 164.7 222 0 55 6
IMo(E-CH30C6Hi,CS2)4t 135.1 125.1 113 4 165.0 214.4 55 6
SOLID STAIE n C
(Au x (e -CHjOC6H4CS2)x 1 U 5 . 6 129 4. 108 9 r(3) 159 6 54 4
131 2 115 2 C(5)
SOLUTION 13C
EtN (g - FC^H/jCSj | 149 1 128 8 113 B 163 8 251 1
E-FC6H4CS2CH3 141 0 179 9 115 1 165 3 226 1
IMo (B -FC6H;,CS2)6) 137 4 12 5.4 115 5 166 . 3 214 2
SOLID STATE 13C
1 Aux (p-FCjH^CS^)*] H 6  9 1 10^.7 156 1 230.4
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distortions within each molecule--among the six different 
ligands— then this might give rise to two separate 
resonances for this particular carbon atom. In both the 
200MHz and 400MHz 1H solution-phase NMR spectra of this 
complex, there are four peaks (instead of the anticipated 
one peak) in the 2 .5ppm region, which are assigned to the 
o-methyl protons. In a temperature-dependent study, a 
200MHz 1H NMR spectrum is obtained at room temperature 
(296K) and then a spectrum of the same sample is acquired 
at 313K (see Figure 11). The intensities of these four 
peaks all change at the higher temperature; the two 
downfield peaks become larger while the two upfield peaks 
become smaller. This appears to confirm the suspicion that 
there is more than one conformation of this compound in 
solution, and in the solid state as well.
The remaining four upfield peaks that are clustered 
together in the hexameric cluster spectrum are assigned as 
follows: C(4) at 133.0ppm, C (3) at 125.8ppm, C(5) at
121.9ppm, and C ( 6 ) at 115.5ppm. These assignments are 
based on the relative positions of these carbon resonances 
in the solution-state spectrum (see Table X I I ) . The fact 
that they are relatively broad peaks corroborates 
assignment to unsubstituted carbon atoms. Resonances for 
non-protonated carbon atoms are generally sharper than 
protonated carbon atom peaks in solid-state N M R .12B .
The chemical shift assignments for the aromatic 
carbons of b i s (2 ,4,6 - trimethyldithiobenzoato)d i g o l d (I ) are
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Figure 11. Solution-phase 200MHz 1H NMR spectrum of
hexakis(o-methyldithiobenzoato)hexagold(I) in 
CSa/CDCla/TMS in the 2.0-7.5ppm region at 
296K(a) and 313K(b) (Note: arrow indicates top
of peak in spectrum b)
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fairly straightforward. In Figure 8 , the farthest 
downfield shift at 143.6ppm is assigned to C(l). The 
neighboring downfield shift at 133.3ppm is assigned to the 
C(4) carbon. The upfield aromatic signal at 124.5ppm is 
assigned to the protonated C{3,5) carbons because it is 
broader than the other peaks. The remaining peak at 
128.7ppm is assigned to the methylsubstituted C(2,6) carbon 
a t o m s .
The p-methoxy derivative has a more complicated solid- 
state spectrum than its solution-state counterparts (see 
Table XIII), indicating that n u c 1ei which are equivalent in 
solution become non-equivalent in the solid. Two 
assignments in the aromatic region of Figure 9 are easily 
made. The low-field shift at 159.6ppm is assigned to C ( 4 ) , 
the methoxy-substituted carbon. The other tall, sharp peak 
at 145.6ppm is assigned to the C(l) carbon. The resonances 
for the C(3,5) and C(2,6) ring carbons are separated into 
doublets, although they are coincident in the solution- 
phase spectrum. The high-field doublet is assigned to the 
C(3,5> carbons based on the solid-state spectrum of p- 
methoxybenzoic acid.1** Here, too, the fixed conformation 
of the methoxy group results in the inequivalence of the 
C(3) and C(5) carbons. It is even possible to assign the 
low-frequency peak (108.9ppm) of the doublet to C(3) and 
the high-frequency peak <115.2ppm> to C ( S ) . 1 * 9 The other, 
less well-resolved doublet (129.4 and 131.2p p m ) is assigned
1 31
to the C(2,6) carbons, but it is not feasible to 
unambiguously assign the individual peaks.
The final solid-state spectrum in this study is that 
of the p-fluoro derivative, shown in Figure 10. The 
extreme downfield shift at 230.4ppm was previously 
mentioned and assigned to the thiocarbonyl carbon. The 
sharpest peak (136.4p p m ) in the spectrum is assigned to the 
C{1) carbon. The most upfield aromatic carbon resonance is 
again assigned to the C(3,5) carbons. The peak at 
1 2 0 .1 ppm, located midway between these last two peaks, is 
assigned to the C(2,6) carbons. The C(4) carbon resonance 
consists of a doublet centered at 156.1ppm arising from the 
" F - 13C spin-spin coupling. The value of J ( 1 9 F- 1 3 C) is 
250.3Hz, which compares very favorably with the 1 9 F-13C 
coupling constants for the corresponding acid (253.6Hz), 
salt (248.4Hz), and molybdenum complex (255.2Hz).89 In 
Table XIII, the thioester of the p-fluoro derivative is 
used for comparison because the acid decomposed in air and 
a 1 3 C NMR of it could not be o b t a i n e d .8 9
During the course of these solid-state CP-MAS NMR 
studies, it was postulated that it might be possible to 
determine if a gold complex of unknown structure was a 
cluster compound or simply a monomeric species by 
investigating the broadness of the peaks in the solid-state 
spectrum. If the peaks were broad, a cluster structure 
would be presumed. If the peaks were sharp and narrow, 
then a monomer would be suspected. This hypothesis could
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never be proven because a known monomeric gold compound of 
this type was not available for comparison purposes (the 
triphenylphosphine gold compounds were unsuitable for 
solid-state NMR studies due to the abundance of aromatic 
c a r b o n s ) , although numerous attempts were made to 
synthesize one (see Tables I V - V I ). Also, the four solid- 
state spectra that were obtained show no significant 
differences in line widths amongst themselves, but are very 
much broader than the solution-state spectra. A plausible 
explanation for this line-broadening in the spectra of the 
two known gold complexes is that the broadening is due to 
the six individual ligands per molecule in the hexameric 
gold complex and the fact that there are three 
crystallographically independent dimers (a total of six 
individual ligands) per unit cell in the dimeric gold 
complex. Based on these facts, and coupled with the 
knowledge of their extreme insolubility, it seems safe to 
speculate that the p-methoxy and p-fluoro derivatives have 
at least dimeric structures, if not some higher degree of 
polymerization.
C. 1 H NMR CHEMICAL SHIFT ASSIGNMENTS
100MHz 1H NMR spectra were obtained for all the gold, 
silver, and copper compounds on which X-ray structural 
analyses were performed. The data are arranged in tabular 
form with the corresponding tetrapropy 1 ammoniurn salt
1 33
included as a point of reference. Table XIV contains all 
the complexes synthesized by starting with the 2,4,6- 
trimethyldithiobenzoate ligand, whereas Table XV contains 
all those complexes derived from the o-methyldithiobenzoate 
s a l t .
One important feature should be noticed in Table XIV. 
The copper complex o-methyl and p-methy1 proton resonances 
have exchanged positions with each other; the p-methyl peak 
now occurs farther downfield than the o-methyl peak. Also, 
the p-methyl resonance itself is now split into two peaks 
probably due to the new trithioperoxy linkage causing an 
inequivalence in the two o-methyl groups. These two o- 
methyl peaks in the copper complex spectrum now appear at a 
much higher field than the o-methyl peaks of the free 
ligand or the gold and silver complexes.
As can be seen in Table XV, once again the p-methyl 
proton resonance occurs at a higher field in the copper 
complex than in any of the other compounds. Another point 
of interest is the gold hexamer data. The aromatic proton 
resonances are spread over a broader range than any other 
compound in the table, and the p-methyl proton resonance is 
now split into at least two peaks. These phenomena may be 
attributed to the hexamer decomposing in solution.
Evidence to support this is found in the aromatic region of 
the 400MHz 1H NMR spectrum of the gold hexamer shown in 
Figure 12. The most upfield large signal is a triplet 
assigned to the proton attached to C ( 5 ) . The next large
TABLE XTV. LH CHEMICAL SHIFTS (fW) OF THE 1.4,6-HDIlTHYL DEUVATTVES
GOKPOQHD AMHATIC H fl-CHj a*™] 1KH2- -CH2- -CH3 SOLVEHT
6.69 2.38 2.19 3.0-3.3 1.45-1.85 0.90-1.15 CDClj
f " 6.86 2.88 2.24 3,2-3.6 1.5-2.1 0.8-1.2 py-d5
6.79 2.49 2.26 CS2/CUC13
6.81 2.76 2.19 3.17-3.34 1.5-1.9 0.84-0.91 py-d5
6.87 2.65 2.22 py-d5
6.86 2.12, 2.30 CS2/CDC13
2.15
TABU XV. CHEMICAL SHIFTS (FPU) OF THE ORTHO-METHYL DOUVATIVES
CCKTOORD AMKATIC H fi-CH3 MCHj- -CH2- -CH] SOLVEHT
^ < r
€ ? < 7 h
c p ' C T j
[ & $ r
6 .8-7.1, 7.1-7.I 2.47 3.1-3.4 1.5-1.95 0.85-1.2 CDCI3
4.53-7.20 2.40, CS2/CDCI3
2.54
6.60-7.24 2.41, CS2/acatotw-d(
2.54
7.45-7.95 2.68 p j - d;
7.05-7.45 2.31 CS2/CDCI3
7.0-7.2. 7.3-7.5 2.53 3.0-3.3 1.4-1.9 0.9-1.I C»Cl3
7.0-7.2. 7.4-7.6 2.56 2.9-3.3 1.5-1.8 0.9-1.2 CDCI3
CH
S—Au
" “p—
6.60
"’T™
6.70
T-r ” T T'
6.80
”T ^
7.10
TT
7.20
~ T ~
7.30
' ' r ' 
7.00
"T”
7.50 6.907.40
PPM
Figure 12. Solution-phase 400MHz ‘H NMR spectrum of hexakis- 
(o-methyldithiobenzoato)hexagold(I) in 
CSi/CDCls/TMS in the 5.5-8.0ppm region
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signal is a doublet assigned to the hydrogen atom bonded to 
C( 6 ) . The smaller triplets appearing on either side of the 
larger triplet suggests that there are at least two other 
species similar to the major component in solution. In 
other words, these smaller triplets occur due to the 
protons attached to the C{5) carbons of different ligands 
that are no longer bonded together to form the gold 
h e x a m e r .
Table XVI lists the *H chemical shifts of all the 
triphenylphosphine reaction products. The 2,4, 6 -trimethyl- 
dithiobenzoate complexes exhibit several noteworthy 
features. The number of triphenylphosphines bonded to gold 
and even the different geometries around gold appear to 
have no effect because both spectra are nearly identical.
The o-methyl and p-methyl proton resonances in the silver 
complex occur in closer proximity to each other relative to 
the gold complexes, where the separation between these 
peaks is more significant. In the copper complex, it seems 
that the position of the p-methyl and p-methyl proton peaks 
is dependent on the solvent system. In CSa/acetone-d 6 , the 
proton resonances occur in positions similar to those of 
the gold and silver compounds. However, in CS?/ C D C l a , the 
peaks have exchanged positions with each other, and in 
C D C 1□ the peaks lie almost directly atop one another.
The chemical shifts of the o-methyldithiobenzoate 
complexes are all very similar to each other. There is a 
better separation of the aromatic proton resonances in the
TABLE rVI lH CHEMICAL SHIFTS (PPM) OF TIIPHEHYLPHOSPHIHI UACTIOH PRODUCTS
COMPOUND FR13 AroaaClc H H-CS3 8 ‘CBj
s»S
’N"'s
7.30-7.40 4.45 2.47 2.03
7.20-7,55 4.44 2.45 2.04
7.10-7.55 4.75 2.16 2.21
7.10-7 60 4.72 2.18 2.20
7.00-7.55 4.43 2.09 2.18
7.10-7.55 4.61 2.18 2.12
< d K  
&
7.20-7 80 2.29
e K * c
7.40-7.45 4.95-7.IS. 2.50
7.2S-7.AO
7.15-7,70 7.04-7.12 2.41
7.25-7,(5 7.01-7.20 2.41
hlnnt
OKI 3 
CDCI3
CDCI3
COCI3 
CS2/CDCI3 
CSj/a c* COtM •
CSj/acacona-d^
CS2/CDCI3
CS2/CDCI3
CS2/CDCI} 1 
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gold derivative if CS 2 /CDCla is used as the solvent system 
rather than CSz /acetone-dt, . The o-methyl protons in this 
compound experience an upfield shift to 2 .3ppm if the 
solvent system is CS 2 /acetone-d*. .
D. 31P NMR CHEMICAL SHIFT ASSIGNMENTS
100MHz 31P NMR spectra were obtained for all the 
triphenylphosphine reaction products. The data is 
tabulated in Table XVII. The spectra are quite simple 
because they each contain only one peak. The copper 
compounds both contain a second, very sharp peak at 43ppm, 
but this is attributed to triphenylphosphine sulfide, which 
forms when the copper clusters react with
triphenylphosphine . 1 3 0  ’ 1 3 1 The extra sulfur atom in the 
trithioperoxy 1 inkage is abstracted by the
triphenylphosphine, thereby returning the dithiobenzoate 
ligand to its original f o r m . ® 3 To verify that this peak at 
43ppm is indeed due to SPPh 3 , the following simple 
experiment was performed. Triphenylphosphine and a tenfold 
excess of elemental sulfur were both easily dissolved in 
carbon disulfide. Deuterated chloroform was added and a 
31P NMR spectrum was obtained. Only one sharp peak at 
43.1ppm was observed. No peak for free triphenylphosphine 
could be s e e n .
In the copper complexes, the resonance signal is very 
broad due to the Cu-P quadrupole interactions. In the
TA1LE m i . l l P CHEMICAL SHIFTS (P M )  OF TtlPHEMYLPHOSPHINE REACTION PRODUCTS 
(R*f«r*nc» 1S% H^ POf,)
CMPCUTO f SP(CtH5)3 SOLVEHT
37 AS CDCLi
II 11 CDCLj
"‘" C p O - C  cdci 1
^ < : x ;" W ) - *  1 46 (3>r«>*d) A3 .92 (sharp) CDCIj
A1.91 CS;/ac«tono-d{
16 10 CSj/CDClj
I.01 (broad) A3 A3 (iharp) CSj/CDCl]
pphj + S0— p SPPhj A3 07 (iharp) C52/CDC13
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solid-state 31P CP-MAS NMR spectra of similar [CulPPhj)?X] 
complexes, the resonance signal for each
crystal 1 ographica 1 ly independent phosphorus nucleus is 
actually split into a quartet due to these quadrupolar 
interactions . 13 2 ■ 1 3 3 The average chemical shift values of 
these [Cu ( PPh:< ) 2 X] compounds ( cS = — © , - 6 , -5, -0.8, and
0.3ppm for X = C1, Br, I, BH« , and NOa ) are in the same range 
as the o-methyl (2.0ppm) and the 2,4,6-trimethyl (1.5ppm) 
derivatives in the present s t u d y . 1 33 An even better 
comparison is [CufPPha )z (CHd CN)j ]C10* , where the copper 
atom exists in a four-coordinate, pseudo-tetrahedral 
environment; the average chemical shifts for the two 
crystallographically independent phosphorus nuclei are - 3 - 0  
and 4.O p p m . 1 3 2
The substitution of silver for copper in these 
triphenylphosphine reaction products produces a small but 
significant deshielding effect on the 3 1 P nuclei. The 
peaks for the o-methyl and 2 ,4,6 -trimethy 1 derivatives now 
appear at 8.4 and 8.3ppm, respectively. These chemical 
shift values compare favorably with the solid-state 31 P 
value of 7. 8 ppm for [A g (PPh 3 )aNOa J .1 34
Three gold compounds were synthesized with triphenyl­
phosphine; the linear two-coordinate o-methyl and 2,4,6- 
trimethyl derivatives, [Au(o-CHaC*H«CSa)(PPha)] and 
[AuI 2,4, 6 - (CHa )3 CsH 2 CS 2 I {PPha )] , and the distorted 
tetrahedral four-coordinate 2 ,4,6 -trimethyl derivative.
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[Auf 2,4, 6 -(CHa )jCtH<CE 2 I < PPh 3 ) ; ] . The two-coordinate 
species exhibit resonances at 42.0 and 37.5ppm for the o- 
methyl and 2 ,4,6 -trimethyl derivatives, respectively.
These values are in close agreement with the solution 
values for other [Au(PPh 3 )X] complexes, which range from 
27-4 7ppm for X=N0 3 (27) , CHa CO; (27), Cl(33) , Br(35), 1(39),
S C N (37), C N (39), and CH 3 {47 p p m ) . 1 3 3
The introduction of a second triphenylphosphine into 
the coordination sphere of gold results in an upfield shift 
to 21.3ppm for the 2,4, 6 - trimethy1 derivative. This value 
does not correspond to those of the halogen complexes 
[Au(PPha )j X] where X = C1(39), Br(42), and I (42 ppm} .* 33 
H o w e v e r , the chemical shift value of 15ppm for 
[A u (PPh 3 )a C 1] suggests that the basic causes of chemical 
shift variations in the 3 1 P resonances of coordinated 
tertiary phosphines are very complex and not well 
u n d e r s t o o d . 1 3 6 The Au-P bond lengths increase in all the 
compounds when the second triphenylphosphine is added.
This weaker bond, coupled with the smaller P-Au-P angle for 
the 2,4, 6 -trimethyl derivative (128.4° versus 130-134° for 
the h a l i d e s ) , indicates that the PPha ligand in solution 
might be more labile for the bulky, bidentate four- 
coordinate 2 ,4,6 -trimethyl derivative than for the less 
sterically hindered, three-coordinate halide compounds.
Comparing the o-methyl derivatives to the 2,4,6- 
trimethyl derivatives, for a given metal the 3 »p resonance 
for the p-methyl derivative is found slightly farther
downfield than the corresponding 2 ,4,6 - trimethyl 
derivative. The 31 P chemical shift values steadily 
increase with the increase in ionic radius of the metal 
Cu<Ag<Au. This does not exactly correspond to the metal- 
phosphorus bond distances, which increase in the order 
Cu-P<Au-P<Ag-P, but it does correspond to the metal-sulfur 
bond distances, which increase in the order Cu-S<Ag-S<Au-S 
for the b i s (triphenylphosphines). The preceding discussion 
simply tends to reinforce the observation that the 31P 
chemical shift discrepancies are not easily attributable to 
one source; rather they are most probably due to a 
combination of interrelated electronic and structural 
properties.
V . P H Y S I C A L - C H E M I C A L  STUDIES OF_THE
DITHIOBEN2QATE COMPLEXES
A. INTRODUCTION
The vibrational and electronic spectra of some of the 
compounds synthesized during this project are discussed in 
the succeeding sections. Although the infrared spectra of 
the tetraalkylammonium salts were obtained, the 
dithiobenzoate anion bands will not be presented here 
because their assignments were rendered uncertain by the 
interfering bands of the corresponding cation. Electronic 
spectral data is restricted to the gold(I) complexes due to 
the limited quantities of the copper and silver cluster 
co m p o u n d s .
The remainder of this segment is devoted to a 
discussion of the variety of gold and copper complexes 
formed with the p-phenyldithiobenzoate ligand,
B . INFRARED STUDIES
The vibrational spectra of the gold, silver, and 
copper complexes in the 4000-300cm~ 1 region are interpreted 
following previously published assig n m e n t s .44 • 8 9 ’ 1 37 * 1 39 
The assignments of the vibrations associated with the 
aromatic groups will not be presented here. Instead, only 
the vibrations associated with the chelate rings will be
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discussed. Selected infrared stretching frequencies are 
listed in Tables XVIII and XIX for the cluster compounds 
and the gold(I) compounds, respectively. For comparison, 
the stretching frequencies of the corresponding acid 
ligands are listed as w e l l .19 In general, there is nothing 
unexpected or unusual in the data.
The phenyl-carbon stretching frequencies occur between 
1 2 1 0  and 1280cm"1 for all these dithiobenzoate complexes. 
These compare well with Piovesana’s assignment of 
v(Ph-C)=1224cm- 1 for [Au* (C*HaCSa )* ] .* 4 For similar 
dithioaryl acid complexes of zinc(II) this band occurs 
between 1245 and 1251cm-1 , and for nickel(II) and 
p a lladium(I I ) complexes it occurs between 1265 and 
1289cm- * .131 The titanium and vanadyl dithiobenzoate 
complexes have bands that occur at 1250 and 1265, 1245cm- 1 ,
respectively, for v (P h - C ) . 13 8
All the symmetrical and asymmetrical carbon-sulfur 
stretching frequencies occur between 890 and 1065cm- * in 
the compounds studied here. Bands attributable to 
monodentate dithiobenzoate ligands, which are expected at 
frequencies greater than 1065 and less than 841cm- ‘ , are 
not observed . 1 3 8 Therefore, it is assumed that all the 
complexes of unknown structure only have ligands which are 
bidentate. A possible explanation for why many of these 
complexes exhibit more than two carbon-sulfur stretching 
bands is that there may be slight inequivalences in the 
chelating ligands. This theory is supported by the fact
table xviii. selected infrared frequencies o k  c m 1) or the cold, silver, and copper clusters and their acid ligands
Phenyl-C CSS(«s) CSS(s) S-S
1 2 1 S- 1050vi, 1035vs 935a
|Afc,(fi-CH3CSH4 CS2 )4 (py)4 ] 1 2 2 0 « 1015vs. 1 0 0 0 s 930a
|Cu4 (a-CH3C6H4 CS2 S)i(] 1280*. 1230* 1045s, lOlflvs 965s, 940*
a-CH3C6H4 CS2H 1230a lOSOvs, 1040s 925vs
(Au2 12,4,6 ■(CH3 )3C$H2CS2 )2] 1250* 1060v*. 1025a 925v*
[Ag4 (2 .A.6 -(CH3 )3C6H 2CS2 l4 (py)3 | 1226* 1035s, 1005vs 955*
[Cu4 (2 .4.6-(CH3 )3CjHjCSjSI4 ] 1225m lO40vs, lOlOvs 960*
2.4.t-(CH3 )3C6 H2CS2H 1260a 1070vs 920*
[Avi,(fi-C6 H5C6 H4CS2)X ) 1280v*. 1 2 2 0a 1055v», 1040a, 1030* 935*, 925*
(Au1l(a-C6H5CjH4CS2)2*] 1250a, 1225a 1060a. 1040vs, 1000a 965*. 940*
[Aux (a-C6 HSC6 H4CS2)3x) 1250s, 1225* 1060*. 1040vj, lOOOa 965*. 940*
|AE*(B-C6H5C6H4CS2)x ] 1226* lOOOvs 905*
[Cux (B -C6 H 5C6H4 CS2S)x ] 1235a, 1225a 1025vs.. lOlOvs 890s
[CU2 * (a •CSH5C4H4 CS2 )2*St 1 1235*. 1225* 1025s, lOlOvs 890*
1255vb 1055s.
980v>
1025*, 1000m. 940 s , 910s
E-C6H!iC6H4CS2H 1245a 1070vs 945s
v-v^ ry
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that the various M-M, M-S, and S-C bond distances within 
each cluster do deviate from one another somewhat, so there 
are indeed inequivalences in the ligands. The v(CSS)» and 
v(CSS)« b in similar dithiobenzoate species absorb in the 
same r e g i o n . 8 9 • 1 3 7 ■ 1 3 8 Dithio aromat i c and di thio 
aliphatic complexes with the same metal ion exhibit carbon- 
sulfur stretching modes at markedly different energies and 
with distinctly different energy separations. This has 
been reported previously for various carboxylato 
c o m p l e x e s .4 * - 13 7 - 1 4 5
The sulfur-sulfur stretching vibrations in the copper 
trithioperoxybenzoate complexes occur at 480 and 490cm-1 
for the o-methyl and 2 ,4,6 -trimethy 1 derivatives, 
respectively. The three p-phenyl copper complexes show 
what may or may not be very weak bands in the 445-485cm-1 
region, but an unequivocal assignment cannot be made.
Similar trithioperoxy species have S-S stretching 
frequencies which appear in the infrared between 430 and 
490cm-> .8 8 * 1 0 9 ,  1 3 7
No reliable assignments could be made for the M-S 
modes for any of the current compounds. These bands 
typically occur at frequencies below 400cm- 1 . l 3 T _ H 1
C. VISIBLE-ULTRAVIOLET STUDIES
The data for the electronic spectra of seven gold(I) 
dithiobenzoate complexes in Nujol are compiled in Table XX.
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For classification purposes, the absorption bands are, with 
some reservations, divided into three categories. The 
lowest energy transitions, occurring between 16 and 
2 5 k K (625-400nm), are assignable to charge-transfer 
trans i t i o n s . 1 4 1 The absorption bands in the 27-36kK(370-
278nm) region are due to internal ligand ti > n *
transitions .8 9 • 1 4 0 ’ 1 4 6  The absorptions occurring above 
37kK(270nm) are attributed to benzene bands. 1 4 7  Some 
ambiguity arises in the assignments of the bands between 
2 7 - 2 9 k K (370-345nm) due to what some researchers believe is 
a very efficient mixing of the metal and ligand 
o r b i t a l s . 1 4 0 ’ 1 4 1 , 1 4 6 ' 1 4 7  A ligand field description is 
inadequate in this case, and a suitable molecular orbital 
treatment is clearly needed for an appropriate description 
of the electronic spectra of dithiobenzoate complexes.
D. GOLD AND COPPER p - P H E N Y L D I T H I O B E N Z O A T E  COMPLEXES
The anomalous behavior of the p-phenyldithiobenzoate 
ligand, as opposed to the other ligands employed in this 
study, may be linked to the electron-donating and electron- 
withdrawing abilities of these ligands. The o-methyl,
2 ,4,6 -trimethyl, and p-methoxy derivatives all exhibit 
electron-donating capabilities, whereas the p-benzoyl, p- 
f o r m y l , p-acetyl, and p-fluoro derivatives clearly have 
electron-withdrawing substituents . 1 4 8 " 1 8 0  The p-phenyl 
derivative is only slightly electron-withdrawing. During
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the preparation of these gold complexes, it was noted that, 
irrespective of concentrations or mole ratios or 
temperature, some reactions took place immediately with 
product formation within minutes, while other reactions 
took 12-24 hours for product formation. Coincidentally, 
the complexes with electron-withdrawing ligands are those 
which formed immediately and the complexes with electron- 
donating ligands took a longer time to form. The p-phenyl 
ligand, however, being somewhat intermediate between 
electron-donating and electron-withdrawing, was determined 
to react with gold(III) in a time-dependent manner. In all 
three cases, an immediate precipitate is evident, but if 
the solution is filtered after one hour, an AuL 3 , where 
L=p-phenyldithiobenzoate, complex forms; if filtration is 
delayed 24 hours, an AuL complex is obtained. If the time 
span is intermediate and the reaction conditions are right 
(i.e. warm gold solution), a rare and unstable gold(II) 
compound is isolated which gives an ill-defined ESR signal. 
The ESR signal is a tell-tale sign of the presence of the 
d*Au(II) species. The IR spectra of the AuLa and AuL 3 
complexes are quite similar to each other, but 
significantly different from the AuL species (refer to 
Table X V I I I ) . The DTA spectra of these three compounds are 
all different from one another.
Correspondingly, the reaction of this same p-phenyl- 
dithiobenzoate ligand with copper (II) also appears to be 
time-dependent. If the reaction is stopped after four
1 5 2
hours, a product with the empirical formula CuLa is 
obtained. A CuLS trithioperoxy species is formed after a 
24-hour reaction period. Fourteen hours after the reaction 
is initiated, a mixed ligand dithio-trithio product,
Cua x Li * Si , is obtained. Once again, the infrared spectrum 
of the CUL 2 complex exhibits marked differences from the 
two trithioperoxy species, which are similar to one another 
(see Table XVIII). The three DTA spectra for these 
compounds exhibit noticeable differences from each other.
This unusual time-dependent reaction ability was 
determined to be unique to the p-phenyldithiobenzoate 
ligand in this study. In the reaction with silver(I), this 
ligand yields only AgL as a product, probably because there 
is no other plausible oxidation state for the silver.
VI . C O NCLUSIONS
A. METAL-METAL BONDING IN CLUSTERS?
The question of the existence of metal-metal bonding 
in gold, silver, and copper cluster complexes has been a 
matter of appreciable d e b a t e .4 4 ■ 47 ■ 3 2 ■ 9 3 ■ 99 ■6 0 ■ 72 - 7 4 ■ 8 i ■ 82 
New bonding theories and molecular orbital calculations 
have been presented to explain the Au-Au bonding in 
centered gold-phosphine clusters*2 - 3 6 • 1 31- 1 3 3  The bonding 
in these metal skeletons is dominated by Au(d 2 * -s) hybrid 
orbitals which result in strong radial (center-to- 
periphery) interactions and somewhat weaker peripheral 
i n t e r a c t i o n s ‘ < However, these discussions do not
directly apply to the gold clusters with sulfur-containing 
ligands. The three reported clusters of this type (two in 
this study and one previously known * 3 - 4 4 ) experience steric 
restraints caused by the ligands, which precludes 
attributing their short Au-Au distances solely to bonding 
between the metals.
At the core of the M-M bonding controversy in silver 
cluster compounds is the influence of bridging ligands. 
Several researchers downplay the importance of Ag-Ag bonds 
and hold that the cluster structures and the short Ag-Ag 
distances are maintained by the bridging ligands. 4 7 1 3 2 ■ 93 
Arguments to refute this claim are based on observations 
that in some clusters, such as fAg8 I SiC = C ( C N ) 2 ) 6 ] 4 ' and
153
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[Ag& IS2 C = C (C M ) 2 11 ]6" , the silver atoms are displaced 
towards the center of the cluster and out of the plane of 
sulfur atoms to which they are bonded .3 ’ ■ 60 Despite the 
bridging ligands, the Ag atoms are brought closer still by 
attractive interactions between the Ag a toms themselves. 
Comparison of the latter anion with the neutral molecule 
[Ag* IS2 CN(Ca H? Ij U ] , shows the two structures to be 
virtually identical.«7 •3’ The high electrical charge of 
the anion is expected to impose a destabilizing force upon 
it, yet the obvious stability of the structure suggests 
that there must be Ag-Ag interactions within this 
cluster.*’
The Cu-Cu bonding dispute in copper cluster compounds 
is epitomized by sequentially published articles by Avdeef 
and Fackler, who determined through molecular orbital 
calculations that Cu-Cu bonding does not appear to be 
important, and Mehrotra and Hoffmann, who, also employing 
molecular orbital calculations, concluded that weak 
attractive Cu-Cu interactions do exist . 1 5 5 ■ 1 3 6 A few 
authors see no need to invoke any significant Cu-Cu 
bonding, even in the square-pianar [C u (CHaSiCH?)]« complex 
with very short (2.417A) Cu-Cu distances .7 2 - 7 4  A 
description using internuclear vectors can explain the 
pinching-in of the copper atoms from a regular Cu*C* 
square, and Cu-Cu bonding is of no consequence .72 73 On 
the other hand, when comparing three similar copper cubes 
which exhibit a common C u b  S i ? core, it is noted that the
1 55
molecular parameters of the one with the shortest Cu-Cu 
lengths would not change if the copper atoms moved further 
away from the center of the c u b e .8 1 ' 8 2 This suggests that 
there is an attractive interaction between the copper atoms 
of the cube.
The data available for the gold, silver, and copper 
clusters in the present study do not permit unequivocal 
conclusions about the M-M bonding, but the short M-M 
distances and the unusual geometries of the hexameric gold 
and square-planar silver clusters tend to support those who 
favor the theories of metal-metal bonding. Regardless of 
the importance of M-M bonding in these new clusters, they 
are nevertheless important additions to the ever-expanding 
knowledge of transition metal— and in particular coinage 
m e t al--chemistry.
B. SUGGESTIONS FOR FUTURE RESEARCH
This research has spawned several ideas for future 
work in the area of cluster chemistry. It would be of 
great interest if a method could be devised for the growth 
of single crystals of the gold(I) compounds synthesized in 
this study. Their X-ray structure determinations would 
unequivocally answer the questions about their degrees of 
polymerization. Also, these same ligands which formed 
insoluble gold(I) complexes could be used to synthesize new 
compounds— probably clusters--with copper and silver. This
1 5 6
synthetic work could also be extended to include nickel, 
palladium, and platinum complexes, which might more clearly 
possess metal-metal bonds and perhaps interesting new 
catalytic properties.
The successful preparation of a monomeric gold species 
which is similar to these cluster compounds would enable 
the solid-state 1 3 C NMR studies to cont inue and bear more 
fruit. The previously mentioned hypothesis about clusters 
exhibiting broadened spectral 1 inewidths and monomers 
showing sharper spectral linewidths could then be tested 
and extended.
The current cluster compounds, as we11 as any newly 
synthesized ones, could be tested for use as catalysts in a 
variety of reactions. Also, although the first attempts 
failed, fast atom bombardment mass spectrometry (FABMS) 
could be tried again with different supporting mattrices to 
assist in the characterization of these new comp 1 exes.
Laser Raman studies might reveal the absorption 
frequencies of the metal-metal bonds in the cluster 
compounds and either prove or disprove their existence.
Also, the S-S stretching frequencies of the trithioperoxy 
species should appear more strongly in Raman spectra. 
Attempts at Raman spectroscopy were made, but technical 
difficulties were encountered and no usable data was 
obt a ined.
If Mossbauer spectra could be obtained for the gold 
complexes, the existence of different gold sites in the
1 5 7
clusters might be shown. The two gold atoms which are 
involved in the short intermolecular distance between 
hexamers may appear in a different place in the Mossbauer 
spectrum than the other four gold atoms in the cluster. In 
the gold dimeric complex, the gold atom which is in the C- 
labeled dimer and is considered terminal should be 
identified as different from the other gold atoms involved 
in the chain of "dimers-connected-by-triangles." Also, by 
using Mossbauer spectroscopy, the suspected Au(II) complex 
could be further investigated. The oxidation state of the 
metal should be unambiguously determinable by this method.
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Crystal data for la: Au« Si 2 e H< 2 F.W.: 2185.4,
m o n o c l i n i c , space group P2i/c, a = 14.803(2), b =
22.070(3), c = 17 . 46 4 ( 4 ) A , B = 1 0 4 .45 (1)0 , Z = 4 , dc =2 . 6 27gcrtr 3 , 
T = 19-31° C , u(MoKu)=163.2cm - 1 , 355 variables, 1<0<22°,
R=0.039 for 4250 data with I > 3 n (I ).
Coordinates  and Isotropic
Atom X V * 8 or Beq*
Put B.14682(5) 0.14112(4) 0.61564(5) 3.21(2)*
Pu2 e.17326(6) 0.10142(4) 0.78304(5) 3.78(2)*
Au3 6.23526(6) 0.22703(4) 0.94065(4) 3.26(2)*
Au4 0.30209(5) 0.30096(4) 0.82601(5) 3.40(2)*
ftu5 0.35378(6) 0.36060(4) 0.69596(5) 3.30(2)*
Au6 0.25000(6) 0.25450(4) 0.63407(5) 3.24(2)*
SI -0.0090(4) 0.1677(3) 0.5925(3) 3.9(1)*
S2 0.0239(4) 0.2190(3) 0.7583(3) 4.6(1)*
S3 0.3109(4) 0.1203(3) 0.8056(3) 4.4(1)*
S4 0.3493(4) 0.1550(3) 0.9600(3) 4.2(1)*
S3 0.1137(4) 0.2937(2) 0.9403(3) 3.9(1)*
S6 0.1726(4) 0.3613(3) 0.0082(3) 4.7(1)*
S7 0.4494(4) 0.2582(3) 0.0603(3) 4.0( D*
s e 0.5064(4) 0.3413(3) 0.7427(4) 4.6(1)*
S9 0.2224(4) 0.4229(2) 0.6396(3) 3.70)*
S10 0.1169(3) 0.3030(2) 0.6076(3) 3.7(1)*
S l l 0.3964(4) 0.2020(2) 0.6482(3) 4.00)*
512 0.2703(3) 0.0085(2) 0.6112(3) 3.0(1)*
Cl -0.037(1) 0.2028(0) 0.667(1) 2.9(4)
C2 -0.136(1) 0.2244(0) 0.652(1) 3.2(4)
C3 -0.153(2) 0.2854(13) 0.628(2) 8.6(0)
C4 -0.245(2) 0.3091(16) 0.610(2) 11.601)
C5 -0.309(2) 0.2670(13) 0.619(2) 8.6(0)
C6 -0.303(2) 0.2110(13) 0.642(2) 8.4(8)
C7 -0.206(2) 0.1677(11) 0.659(1) 6.7(6)
C8 -0.108(2) 0.1232 0  3) 0.688(2) 9.4(9)
Z3 0.365(1) 0.1211(0) 0.906(1) 2.7(4)
C10 0.450(1) 0.0797(0) 0.913(1) 2.6(4)
Cl 1 0.534(1) 0.1053(9) 0.945(1) 4.5(5)
:\2 0.618(2) 0.0704(10) 0.955<1) 5.3(6)
C 13 0.609(1) 0.0111(9) 0.934(1) 4.0(5)
C 14 0.524(1) -0.0145(9) 0.902(1) 4.1(5)
CIS 9.440(1) 0.0180(9) 0.089(1) 3.8(5)
Parameter* tor Gold Hexomer
Atom X y z 0 or Beq*
C16 0 . 3 4 5 0 ) - 0 . 0 122(10) 0.051(1) 4 .6 (5 )C17 0.109(1) 0.3474(0) 0 . 0 7 0 ( 1) 3 .2 (4 )
CI8 0.B23O ) 0.3911(9) 0 . 0 6 1 0 ) 3 .8 (5 )
C19 -0 .0 6 3 (1 ) 0.3651(10) 0 .826(1) 4 .9 (5 )
C20 -0 .1 4 3 (2 ) 0 . 4 0 I 9 ( 12) 8 .812(1 ) 7 .0 ( 7 '
C21 -0 .120 (2 ) 0 .4 6 2 2(12) 8 .034(2) 7 .4 (7 )
C22 -0 .045 (2 ) 0.4852(11) 0 . 8 6 7 v l) 6. B (7)
C23 0.037(1 ) 0.4503(10) 0.885(1) 4 .8 (5 )C24 0.132(2) 0 . 4 7 9 3 ( 11) 0.925  0 ) 6 .4 ( 6 )
C25 0.524(1) 8.2916(9) 0 . 8 l 5 ( 1) 3 .0 ( 4 '
C26 0.626(1) 0 .2683(9) 0 . 8 4 6 0  ) 4 .5 (5 )C27 0 .640(2 ) 0.2097(11) 0.81'5( 1) 6 ." (7 )
C20 0 .732(2 ) 0. 1856 0  4) 0.06**(2) 9 .0 ( 8 )
C29 0 .794(2 ) 0 . 2 2 1 9 ( 14) 0.896(2) 9.5*9)
C30 0 .790(2 ) 0 .2 7 6 0 0 3 ) 0.910(2) 8.3*0)C31 0 .609(2 ) 0.3072 0  1) 0 .0 9 3 < 1) 6.0(6)C32 9 .675(2 ) 0 .3 7 0 3 0 3 ) 0.913(2) 9 .1 (0 )
C33 0 . 1 2 9 0 ) 0.3006(8) 0.611(1) 2 .7 (4 )C34 0 . 0 3 5 0 ) 0.4112(8) 0 .5 B 4 ( 1 9 3 .1 (4 )
C35 0 . 0 0 6 0 ) 0 . 4 4 3 3 (10) 0 . 6 3 B ( 1) 4.9*5)
C36 -0 .0 7 0 (2 ) 0 . 4 7 5 1 0 0 ) 0 . 6 1 9 0 ) 5 .6 (6 )C37 - 0 .1 2 9 (2 ) l).4724( 10) 0 . 5 4 2 0 ) 5 .1 (5 )
C38 - 0 . 0 9 9 0 ) 0.4450 0  0) 0 . 4 8 7 0 ) 5 .0 (5 )
C39 - 0 . 0 1 4 0 ) 0.4115(9) 0 . 5 0 4 0 ) 4 .0 (5 )C40 0 .019(2 ) 0 . 3 0 0 0 ( 10) 0 .438(1) 5 .3 (6 )C41 0 . 3 7 4 0 ) 0.1295(0) 0 . 6 2 9 0 ) 3 .3 (4 )
C42 0 .462(1 ) 0 .0923(9) 0 . 6 3 3 0 ) 3 .7 ( 4 )
C43 0 . 5 0 4 ( 1) 0 . 0 6 4 1 ( IP’ 0.7*15(1 1 4 .9 ( 5 '
C44 0.501(2) «.026e(Ifa) b . 7 rj ■ n 5 . 3' 6 '■
C45 0.616(2) O.017K 10) 0 . 6 4 9 ( 1) 5 .r ' r 1
C46 0.571(2) 0 .0 4 6 0( l(j) 0 . 5 7 3 0 ) 5 . ! f 5 '
C47 0.495(1) U.0644(9) 0 .5b61 D 3 . 'O'
C48 0.453(2) i . 1 126 0  P 0 . 4 0 1 O i 6 . r ( f
U>
la Selected Distances
Atom 1 Atom 2 Distance
Aul Au2 2.985(1)
Ail 2 Au3 2.989(1)
Au3 Au4 3.033(1)
Au4 Au5 2.980(1)
Au5 Au6 2.959(1)
Au 6 Aul 2.976(1)
Au2 Au4 3.240(1)
Au4 Au6 3.421 (1)
Au 6 Au2 3.547(1)
Au3 Au 6 ' 3.195(1)
Aul SI 2.304(5)
Aul S12 2.294(4)
Au2 S2 2.299(5}
Au2 S3 2.298(5)
Au3 S4 2.297(5)
Au3 S5 2.290(4)
Au4 S6 2.299(5)
Au4 S7 2.303(5)
Au5 S 8 2.283(5)
Au5 S9 2.286(4)
Au 6 S10 2.296(4)
Au6 Sll 2.305(5)
Aul S5 ’ 3.308(5)
SI S2 3.034(7)
S3 S4 3.027(6)
S5 S6 3.051(7)
S7 S8 3.028(7)
S9 S10 3.037(7)
Sll S12 3.044(7)
Atom 1 Atom 2 Distance
SI Cl 1.651(16)
S2 Cl 1.666(16)
S3 C9 1.644(16)
S4 C9 1.670(16)
S5 C17 1.692(16)
S6 C17 1.630(16)
S7 C25 1.683 (17)
S8 C25 1.647 (17)
S9 C33 1.640(15)
S10 C33 1.705(15)
Sll C41 1.668(16)
S12 C41 1.644(16)
Cl C2 1.506(21)
C9 CIO 1.532(20)
C17 C18 1.573(22)
C25 C26 1.555(24)
C33 C34 1.514(21)
C41 C42 1.525(22)
la Selected Angles
Atom 1 Atom 2 Atom 
Aul Au2 Au3
Au3 Au4 Au5
Au5 Au 6 Aul
Au6 Aul Au2
Au2 Au3 Au4
Au4 Au5 Au6
Au 6 Au2 Au4
Au2 Au4 Au6
Au4 Au6 Au2
Aul Au2 Au6
Au2 Au 6 Aul
Au3 Au4 Au2
Au4 Au2 Au3
Au5 Au6 Au4
Au6 Au4 Au5
Au2 Au4 Au5
Au2 Au6 Au5
Aul Au2 Au4
Aul Au 6 Au4
Au3 Au2 Au 6
Au3 Au4 Au6
51 Aul S12
52 Au2 S3
54 Aul S 5
56 Au4 S7
58 Au5 S 9
510 Au6 Sll
SI Cl S2
53 C9 S 4
55 C17 S6
57 C25 S8
59 C33 S10
511 C41 S12
3 Angle
169. 62 (3)
174. 67 (3}
163. 51 (3)
73. 0 2 (3)
65. 09 (3)
70. 34 (3)
60. 34 (2 )
64 .28 (2 )
55. 38 (2 )
53. 37 (2 )
53. 61 (2 )
56. 79 (2 )
58. 1 1 {2 )
55. 1 2 (2 )
54. 53 (2 )
118. 40 (3)
1 1 0 .15 (3)
113. 64 (3)
108. 93 (3)
118. 32 (3)
1 2 0 .93 (3)
160. 69 (17 )
170. 45 ( 2 0 )
167 .95 (16 )
167. 6 8 (19 )
162. 1 2 (17 )
174. 59 (17 )
132. 32 (1 .0 2 )
132 .0 0 (0 .99)
133. 40 (1 .04)
130. 85 (1 .1 1 )
130. 45 (0 .98)
133. 64 (1 .06)
1 
75
1 7 6
si
.AU
ssj) ©»■
Crystal data for lb: A ujS< C soH 2 2 1 / 2CSz , F.W.: 822.7,
triclinic, space group PI, a=ll.7 3 7 ( 4 ) , b=14.064(4), 
c = l 6 . 775 (4)X , a = 6 6 .90(2), 6=76.09(3), > = 75.58(3)°, Z = 4, 
dc =2 . 244gcrrr 3 , T=23°C, i1 (MoKa) =124 . 4cm* 1 , 497 variables,
l<t-<25° , R = 0.034 for 5511 data with I>3o (I) .
1 7 7
c
1b
Coordinates for Au (CIO Hll S2> Diaer
Ato« X T z B(A2 )
AulA 0.37297(4) 0.01337(3) 0.02425(3) 3.044(9)
S1A 0.3824(3) -0.1480(2) 0.1347(2) 3.83(7)
S2A 0.652012) -0.1B23(2) 0.0749(2) 3.75(7)
CIA 0.5227(9) -0.2145(7) 0.1366(6) 3.2(2)
C2A 0.5307(9) -0.3240(7) 0.2044(6) 3.1(3)
C3A 0.5145(9) -0.4054(8) 0.1827(6) 3.6(3)
C4A 0.510(1) -0.5026(B) 0,2463(7) 4.5(3)
C5A 0.527(1) -0.5201(8) 0.3332(8) 4.7(3)
C6A 0.547(1) -0.4412(9) 0.3527(8) 4.9(4)
C7A 0.549(1) -0.3384(9) 0.2882(7) 4.4(3)
C8A 0.502(1) -0.3875(8) 0.0894(7) 4.6(3)
C9A 0.522(2) -0.6300(9) 0.4041(9) 7.3(5)
C10A 0.572(1) -0.2536(8) 0.3124(7) 5.3(3)
AulB 0.10952(4) 0.02115(3) 0.00768(3) 3.20(1)
Au (CIO Hll 32) Dimer <cont.)
Atom X I z b <a 2 >
SIB 0.1585(3) 0.0945(2) -0.1421(2) 4.02(7)
S2B -0.0717(2) 0.0439(2) -0.1579(2) 4.03(7)
C1B 0.0582(9) 0.0881(8) -0.1960(6) 3.3(3)
C2B 0,0944(9) 0.1258(8) -0.2924(6) 3.6(3)
C3B 0.081(1) 0.2342(9) -0.3385(7) 4.4(3)
C4B 0.116(1) 0.270(1) -0.4313(7) 5.2(4)
C5B 0.165(1) 0.196(1) -0.4736(7) 5.1(4)
C6B 0.175(1) 0.091(1) -0.4273(7) 4.6(3)
C7B 0.1428(9) 0.0520(8) -0.3341(7) 3.9(3)
CBB 0.031(1) 0.318(1) -0.2960(9) 6.6(4)
C9B 0.200(1) 0.237(1) -0.5734(8) 7.8(5)
C10B 0.165(1) -0.0670(9) -0.2847(8) 5.3(4)
AulC 0.39463(5) -0.30352 <3) -0.13619(3) 4.73(1)
Au2C 0.31566(4) -0.14543(3) -0.06074(3) 3.67(1)
Au (CIO Hll S2) Dimer (cont.)
Atom X I 2 B(A2 )
SIC 0.1716(3) -0.2362(2) 0.0402(2) 4.48(8)
S2C 0.2640(3) -0.4071(2) -0.0398(2) 5.76(9)
S3C 0.5333(4) -0.2193(2) -0.2432(2) 6.5(1)
S4C 0.4565(3) -0.0504(2) -0,1602(2) 4.31(7)
C1C 0.175(1) -0.3500(8) 0.0277(7) 3.7(3)
C2C 0.086(1) -0.4135(8) 0.0898(7) 4.1(3)
C3C -0.028(1) -0.3963(8) 0.0673(7) 4.2(3)
C4C -0.111(1) -0.4602(9) 0.1238(7) 4.6(3)
CSC -0.079(1) -0.5409(9) 0.2035(8) 4.8(3)
C6C 0.032(1) -0.555(1) 0.2239(8) 5.4(4)
C7C 0.114{1) -0.4915(9) 0.1699(8) 4.5(3)
C8C -0.060(1) -0.316(1) -0.0213(8) 5.4(4)
C9C -0.164(1) -0.618(1) 0.261(1) 0.0(5)
C10C 0.236(1) -0.508(1) 0.197(1) 7.2(5)
Au <CIO Hll 32) Dlacr (cont.)
Ato« X I I
C11C 0.5357(9) -0.1043(8) -0.2341(7) 4.0(3)
C12C 0.6232(9) -0.0442(7) -0.3012(6) 3.2(2)
C13C 0.5870(9) 0.0311(7) -0.3798(6) 3.5(2)
C14C 0.674(1) 0.0847(B) -0.4425(7) 4.3(3)
C15C 0.790(1) 0.0722(9) -0.429217) 4.5(3)
C16C 0.823(1) -0.0015(9) -0.3518(7) 4.4(3)
C17C 0.741(1) -0.0601(8) -0.2054(7) 4.0(3)
C10C 0.461(1) 0.049(1> -0.3964(0) 5.3(4)
C19C 0.880(1) 0.135(1) -0.5016(9) 6.4(4)
C20C 0.786(1) -0.142(1) -0.2028(8) 5.5(4)
CIS 0.218(2) 0.626(1) 0.428<1) 9.8(7)
SIS 0.2386(6) 0.7138(6) 0.3464(4) 12.9(3)
S2S 0.1851(7) 0.5455(6) 0.5213(5) 17.2(3)
The equivalent Isotropic thermal parameter, for atoms refined
anlsotroplcally, Is defined by the equation:
4 2 2 2
jEa + b Bjj + c B3j + abB^cosy + acB^cosfJ + bcB^cosa J
1 HI
Aton 1 At on 2 Distance
Table of 
for
At on 1
Bond Distances In Angstrons
Au (CIO HI1 52) Diner
Aton 2 Distance Aton 1 Aton 2 Distance
• I S S t l x t = z s x t t ====== s S x m = s x c x f t x H v v 1 z 7  1 S t ■ x s b s x s x
AulA AulA' 2.6683(6) C5A C9A 1.54 <1 ) C4B C5B 1.42(2)
AulA S1A 2.304(2) C6A C7A 1.43(1) C5B C6B 1.36(2)
AulA 32A 2.299(2) C7A C10A 1.50(2) C5B C9B 1.53(2)
AulA AulB 3.1418(6) AulB AulB' 2.0686(7) C6B C7B 1.43(1)
AulA Au2C 3.3437(8) AulB SIB 2.297(3) C7B C10B 1.53(1)
31A CIA 1.677(9) AulB S2B 2.289(3) AulC Au2C 2.8325(7)
S2A CIA 1.67(1) AulB Au2C 3.2576(6) AulC S2C 2.271(3)
CIA C2A 1.51(1) SIB C1B 1.69(1) AulC S3C 2.272(3)
C2A C3A 1.40(2) S2B C1B 1.6B(1) Au2C SIC 2.315(3)
C2A C7A 1.40(2) C1B C2B 1.4B(1> Au2C S4C 2.308(3)
C3A C4A 1.37(1) C2B C3B 1. 40(1) SIC C1C 1.68(1)
C3A C8A 1.52(2) C2B C7B 1.41(2) 32C C1C 1.66(1)
C4A C5A 1.44(2) C3B C4B 1.42(2) S3C C11C 1.69(1)
C5A C6A 1.36(2) C3B C8B 1.53(2) S4C C11C 1.67(1)
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Bond Distances for Au (CIO Hll S2) Dlaer (cont.)
Atoa 1
■ m a • ■ *
Atoa 2
X ■ X E S X
Distance Atoa 1
X X a X X X
Atoa 2
x * x x x a
Distance
x a x a s x x a
Atoa 1
« « a x a x
Atoa 2
X X X S 3 X
Distance
B X i E x x a x
C1C C2C 1.48(1) CSC C7C 1.39(2) C15C C16C 1.37(1)
C2C C3C 1.41(2) C7C C10C 1.5512) C15C C19C 1. 54 (2)
C2C C7C 1.41(1) C11C C12C 1.47(1> C16C C17C 1.41(1)
C3C C4C 1.41(2) C12C C13C 1.41(1) C17C C20C 1.52(1)
C3C C8C 1, 54(2) C12C C17C 1.42(2) CIS SIS 1.45(2)
C4C CSC 1.43(1) C13C C14C 1.39(1) CIS S2S 1.56(2)
CSC C6C 1.37(2) C13C C18C 1.52(2)
C5C C9C 1.54(2) C14C C15C 1.40(2)
Table of Bond Angles in Degrees 
for Au (CIO Hll S2) Diner
Atoa 1 Atoa 2
* 2 2 X 3 2
Aton 3 Angle Aton 1 Aton 2
3 C 2 2 = X
Aton 3
3 2*33 3
Angle
AulA AulA S1A 92.29(7) S2A CIA C2A 115.4(7)
AulA AulA S2A 92.35(7) CIA C2A C3A 119(1)
AulA AulA AulB 156.45(2) CIA C2A C7A 118(1)
AulA AulA Au2C 99.42(2) C3A C2A C7A 122.8(9)
31A AulA S2A 173.5(1) C2A C3A C4A 119(1)
S1A AulA AulB 93.19(7) C2A C3A C8A 120.0(8)
S1A AulA Au2C 74.9(1) C4A C3A C8A 120(1)
52A AulA AulB 84.32(7) C3A C4A C5A 119(1)
S2A AulA Au2C 108.8(1) C4A C5A C6A 120.6(9)
AulB AulA Au2C 60.21(1) C4A C5A C9A 119(1)
AulA S1A CIA 111.6(4) C6A C5A C9A 121(1)
AulA S2A CIA 111.7(4) C5A C6A C7A 121(1)
S1A CIA S2A 131.7(5) C2A C7A C6A 117(1)
S1A CIA C2A 112.8(6) C2A C7A C10A 124.0(9)
Bond Angles (cont.)
Atoa 1 Atoa 2 Atoa 3 Angle Atoa 1 Atoa 2 Aton 3 Angle
C6A C7A C10A 119(1) SIB C1B C2B 113.2(8)
AulA AulB AulB 166.41(2) S2B C1B C2B 116.2(9)
AulA AulB SIB 88.91(0) C1B C2B C3B 119(1)
AulA AulB S2B 87.04(8) C1B C2B C7B 119.0(9)
AulA AulB Au2C 62.97(2) C3B C2B C7B 122.5(9)
AulB AulB SIB 91.66(9) C2B C3B C4B 118(1)
AulB AulB S2B 92.95(9) C2B C3B C0B 124(1)
AulB AulB Au2C 104.41(2) C4B C3B C8B 117(1)
31B AulB S2B 175.0(1) C3B C4B C5B 120(1)
SIB AulB Au2C 71.53(7) C4B C5B C6B 121(1)
S2B AulB Au2C 109.03(7) C4B C5B C9B 118(1)
AulB SIB C1B 112.7(3) C6B C5B C9B 121(1)
AulB S2B C1B 112.0(4) C5B C6B C7B 121(1)
SIB C1B S2B 130.6(5) C2B C7B C6B 117.6(9)
Bond Angles (cont
Aton 1 Atoa 2 Aton 3
s x * * a = IIIIIIHIIII = =  ”  = :
C2B C7B C10B
C6B C7B C10B
Au2C AulC S2C
Au2C AulC S3C
S2C AulC S3C
AulA Au2C AulB
AulA Au2C AulC
AulA Au2C SIC
AulA Au2C S4C
AulB Au2C AulC
AulB Au2C SIC
AulB Au2C S4C
AulC Au2C SIC
AulC Au2C S4C
Angle Aton
123.6(9) SIC
119(1) Au2C
93.8(1) AulC
95.4(1) AulC
170.8(1) Au2C
56.82(1) SIC
150.50(2) SIC
107.0(1) S2C
71.57(9) C1C
152.67(2) C1C
71.79(7) C3C
106.48(B) C2C
91.58(9) C2C
90.12(B) C4C
Aton 2 Aton 3 Angle
Au2C S4C 178.2(1)
SIC C1C 111.4(4)
S2C C1C 111.4(4)
S3C C11C 110.3(4)
S4C C11C 114.0(4)
C1C S2C 131.7(7)
C1C C2C 115.1(0)
C1C C2C 113.2(9)
C2C C3C 118.9(9)
C2C C7C 121(1)
C2C C7C 120(1)
C3C C4C 119.3(9)
C3C CBC 121.9(9)
C3C C8C 119(1)
1 
R
fj
Bond Angles
Aton 1 Aton 2 Aton 3 Angle
r s s s s £ 11 II 11 11 11 II ====== = = = = =
C3C C4C C5C 120(1)
C4C CSC C6C 120(1)
C4C CSC C9C 120(1)
C6C CSC C9C 120 <1)
CSC C6C C7C 121(1)
C2C C7C C6C 120(1)
C2C C7C C10C 121(1)
C6C C7C C10C 119(1)
S3C C11C S4C 130.1(6)
S3C C11C C12C 114.0(8)
S4C C11C C12C 115.9(9)
C11C C12C C13C 119(1)
C11C C12C C17C 120.1(8)
c o n t .)
Aton 1 Atom 2 Aton 3 Angle
= = = = = = = = = = = = = = = = = = = = X s s
C13C C12C C17C 120.5(8)
C12C C13C C14C 118(1)
C12C C13C CISC 120.5(9)
C14C C13C CISC 121.6(9)
C13C C14C CISC 123(1)
C14C CISC C16C 117.6(9)
C14C CISC C19C 120(1)
C16C C15C C19C 122(1)
CISC C16C C17C 122(1)
C12C C17C C16C 118.3(9)
C12C C17C C20C 123,2(9)
C16C C17C C20C 118(1)
SIS CIS S2S 171(2)
1
8
7
188
Crystal data for 2a: Ag< Si 2 C« < Hs 6 N 2 - I/ 2 C 3 Ht NO- H 2 0, F.W.:
1964.2, monoclinic, s p a c e  group P2i/n, a=20.454(2), 
b = 2 4 .133 (11) , c = 2 0 .7 34 {3)X , 6*95.51 (1) 0 , Z = 4 , dc=1.28lgcnr 3 , 
T=21°C, u(MoK^)=10.26cm- 1 , 517 variables, l<e<18°, R=0.059
for 4163 data with 1)3 j(I) .
T a b le  : C o o r d i n a t e s
Aton X 9 z
Aql 0.42854(0) 0 .7 2 2 0 9 ( 7 ) 0 .9 5 9 6 3 ( 0 )
fiq2 0.42426(0) 0 .7 9 1 4 7 ( 7 ) 0.B497B(7)
Ag3 0 . 2 8 9 9 6 CB) 0 .0 2 6 8 9 ( 7 ) 0 .8 5 0 2 3 ( 7 )
fig4 0 .23320(B ) 0 .7 5 3 0 7 ( 7 ) 0 .9 6 3 6 9 ( 8 )
SI 0 . 5 5 4 5 ( 3 ) 0 . 7 1 0 5 ( 3 ) 0 .9 7 9 7 ( 3 )
S2 0 . 5 5 0 1 ( 3 ) 0 . 7 8 3 9 ( 3 ) 0 . 8 5 6 3 ( 3 )
S3 0 . 4 3 0 0 ( 3 ) 0 . 0 2 8 7 ( 3 ) 0 . 7 3 5 5 ( 3 )
54 0 .2 9 1 5 ( 3 ) 0 .0 601  (3) 0 . 7 3 6 0 ( 3 )
55 0.  1035(3) 0 .0 7 2 0 ( 2 ) 0 . 8 7 9 2 ( 3 )
SS 0.  1050(3) 0 .7 9 6 8 ( 3 ) 0 . 9 9 2 9 ( 3 )
57 0 . 2 0 0 9 ( 3 ) 0 .6 7 3 0 ( 3 ) 1 .0450(3)
58 0 . 4 2 0 0 ( 3 ) 0 .6 3 0 7 ( 3 ) 1 .0339(3)
S9 0 . 3 9 2 0 ( 3 ) 0 .6 0 5 4 ( 2 ) 0 . 8 4 0 0 ( 3 )
SIB 0 . 2 5 2 6 ( 3 ) 0 .7 2 3 4 ( 2 ) 0 .9 4 6 4 ( 3 )
SI1 0 . 3 9 0 3 ( 3 ) 0 .0 7 8 1 ( 2 ) 0 .9 1 2 1 ( 3 )
SI 2 0 . 3 9 0 0 ( 3 ) 0 . 8 0 5 0 ( 2 ) 1 .03 06( 3)
Cl 0 . 5 8 6 6 ( 9 ) 0 . 7 4 6 5 ( 0 ) 0 . 9 1 5 8 ( 9 )
C2 0 . 6 5 9 7 ( 9 ) 0 . 7 3 3 1 ( 8 ) 0 . 9 0 9 2 ( 9 )
C3 0 . 6 7 7 4 ( 10) 0 . 6 0 5 9 ( 9 ) 0 .0 8 1 6  ( 10)
C4 0 . 7 4 5 2 ( 11) 0 . G753<10) 0 . 8 ?  10(11)
C5 0 . 7 0 0 2 ( 11) 0 . 7 I 6 8 ( 10) 0 . B93B(11)
C6 0 .7 7 2 0 ( 1 2 ) 0 .7 6 4 2 ( 1 1 ) 0 . 9 2 S I (12)
C7 0 .7 0 5 3 ( 1 1 ) 0 . 7 7 2 0 ( 10) 0 . 9 3 4 6 ( 11)
CB 0 . 6 2 7 5 ( 12) 0 . 6437(  11) 0 .8 5 4 1 ( 1 2 )
C9 0 .0 6 5 3 ( 1 3 ) 0 .7 0 5 6 ( 1 2 ) 0 .8 8 1 2  (13)
CIB 0 .6 9 6 8 (1 3 ) 0 . 9 2 5 6 < 12) 0 . 9 6 8 0 ( 13)
C 11 0 .3 6 5 7 ( 9 ) 0 . 8 6 2 3 ( 8 ) 0 . 7 0 5 1 ( 9 )
C12 0 . 3 7 I 0 ( 10) 0 . 0 9 4 5 ( 9 ) 0 . 6 4 1 9 ( 10)
C 13 0 .3 9 4 5 (1 1 ) 0 . 9 4 9 0 ( 10) 0 .6 4 4 5 ( 1 1 )
C 14 0 .4 0 1 5 (1 2 ) 0 .9 7 0 9 ( 1 1 ) 0 . 5 8 3 9 ( 12)
C IS 0 .3 0 0 2 (1 2 ) 0 . 9 5 1 5 ( 10) 0 .5 2 9 3 ( 1 2 )
C 16 0 .3 633 (12 ) 0 . B 9 7 9 ( 11) 0 . 5 2 2 3 ( 12)
C 17 0 .3 565 (12 ) 0 . 0 6 5 8 ( 11) 0 . 5 8 3 6 C 12)
CIS 0 . 4 1 4 6 ( 12) 0 . 9 7 8 1 ( I I ) 0 .7001 ( 12)
C 19 0 .3 B B 7 (14) 0 . 9 8 1 4 ( 13) 0 .4 6 0 3 ( 1 4 )
C20 0 . 3 3 3 4 ( 14) 0, 0070<12) 0 . 5 9 0 9 ( 14)
C21 0 . 1 4 9 4 (9 ) 0 .8 4 1 3 ( 8 ) 0 . 9 4 0 6 ( 9 )
C22 0 .0 8 1 2  <10) 0 ,0 5 7 6 ( 9 ) 0 .9 5 1 7 ( 1 0 )
fig Te l romer
Atom X 9 z
C23 0 .0 7 0 6 ( 1 1 ) 0 . 9 0 2 4 ( 9 ) 0 .9 9 1 0 ( 1 0 )
C24 0 . 0 0 3 6 ( 1 2 ) 0 .9 1 5 8 ( 1 1 ) 1.0043 <12)
C25 - 0 . 0 4 5 2 ( 1 3 ) 0 . 8 8 5 2 ( 11) 0 . 9 7 5 0 < 13)
C26 - 0 . 0 3 7 9 ( 12) 8 . 8 4 3 6 ( 1 1 ) 0 .9 2 9 5 ( 1 2 )
C27 0 . 0 2 9 9 ( 11) 0 .0 2 0 5 ( 1 0 ) 0 .9 1 9 0 ( 1 1 )
C28 0.  1233( 11) 0 . 9 3 6 4 ( 10) 1 .0269(11)
C29 -0 .1 2 0 9 1 1 5 ) 0 .8 9 8 0 ( 1 4 ) 0 .9 8 6 7 ( 1 5 )
C 30 0 .0 4 1 7 C 12) 0 .7805<11) 0 . B 7 2 9 ( 12)
C 31 0 . 3 4 9 5 ( 9 ) 0 . 6 3 9 5 ( 0 ) 1 .07 02( 9)
C32 0 .3 5 2 0 ( 1 0 ) 0 . 6 0 0 3 ( 9 ) 1 . l 3 4 2 ( 10)
C33 0 . 3 7 3 3 < 12) 0 . 6 3 4 3 ( 10) 1 . 190 4 (12)
C34 0 .3 7 7 5 ( 1 3 ) 0 . 6 0 1 0 ( 1 2 ) 1 . 2 5 0 6 ( 13)
C35 0 .3 5 7 7 ( 1 2 ) 0 . 5 4 8 9 ( 11) 1 . 2 4 1 3 ( 12)
C 36 0 .3 3 4 9 ( 1 2 ) 0 .5 1 9 7 ( 1 1 ) 1. 1907(12)
C37 0 .3 3 0 9 ( 1 1 ) 0 . 5 5 0 8 ( 9 ) I . 1275 ( I D
C38 0 . 3 9 2 8 ( 1 2 ) 0.6932(10) 1. 1933(12)
C39 0 .3 6 2 5 ( 1 8 ) 0 .5108116 ) 1 . 3085(18)
C 40 0 .3 0 6 8 ( 1 2 ) 0 . 5 2 4 1 C10) 1.06 7 3 ( 12)
C41 0 . 3 1 0 6 ( 8 ) 0 . 6 8 2 0 ( 8 ) 0 . 8 2 2 8 ( 8 )
C42 0 . 2 8 6 5 ( 9 ) 0 . 6 3 4 3 ( 8 ) 0 . 7 7 8 0 ( 9 )
C43 0 . 2 8 3 2 C 10) 0 . 6 4 2 2 ( 9 ) 0 . 7 I 2 4 ( 10)
C44 0 .2 5 9 1 ( 1 0 ) 0 . 5 9 7 6 ( 9 ) 0 . 6 7 1 8 (  10)
C45 0 . ? 4 I 4 ( 10) 0 . 5 4 9 4 ( 9 ) 0 . 6 9 8 2 ( 10)
C46 0 . 2 4 4 3 ( 1 0 ) 0 . 5 4 1 7 ( 9 ) 0 .7 6 5 7 ( 1 0 )
C47 0 .2 6 7 3 ( 9 ) 0 . 5 8 4 1 ( 0 ) 0 . 8 0 7 6 ( 9 )
C48 0 .2 9 0 2 ( 1 1 ) 0 . 6 9 7 9 ( 10) 0 . 6 B 1 5 ( 11)
C49 0 .2 1 2 8 ( 1 2 ) 0.  5004 ( I D 0 . 6 5 2 2 ( 12)
C50 0 . 2 6 9 3 ( 10) 0 . 5 7 7 3 ( 9 ) 0 .BB0K 10)
C51 0 . 3 9 9 2 ( 9 ) 0 .8 6 4 5 ( 8 ) 0 . 9 9 0 8 ( 9 )
C52 0 . 4 1 6 8 ( 9 ) 0 . 9 1 4 0 ( 0 ) 1 .035 0(9 )
C53 0 . 4 8 3 3 ( 10) 0 . 9 2 8 0 ( 9 ) 1 . 0 5 1 1 ( 10)
C54 0 . 4 9 8 5 ( 10) 0 . 9 7 7 3 ( 9 ) 1 . 0 8 8 2 ( 10)
C55 0 .4 4 7 2 ( 1 0 ) 1 . 0071(9) 1.1085110)
C56 0 . 3 8 10( 10) 0 .9 9 4 0 ( 9 ) 1 . 0957(10)
C57 0 . 3 6 4 9 ( 10) 0 . 9 4 7 3 ( 9 ) 1 .0545110)
C50 0 . 5 3 9 4 < 11) 0 . 8 9 3 5 ( 10) 1 .0282(11)
C59 0 . 4 6 2 8 < 12) I - 0596(10) I .1535(12)
C60 0 . 2933( 11) 0 . 9 3 4 0 ( 9 ) 1 .0366(1 1)
2a Selected Distances
Atom 1 Atom 2 Distance
Agl Ag2 2.821(1)
Ag2 Ag3 2.880(1)
Ag3 Ag4 2.935(1)
Ag4 Agl 2.882(1)
Agl SI 2.571(2)
Agl S8 2.550(2)
Agl S9 2.669(2)
Agl S12 2.647(2)
Ag2 S2 2.572(2)
Ag2 S3 2.546(2)
Ag2 S9 2.641(2)
Ag2 Sll 2.588(2)
Ag3 S4 2.572(2)
Ag3 S5 2.563(2)
Ag3 S10 2.610(2)
Ag3 Sll 2.624(2)
Ag4 S6 2.568(2)
Ag4 S7 2.607(2)
Ag4 S10 2.598(2)
Ag4 S12 2.615(2)
SI Cl 1.676 (7)
S2 Cl 1.648 (7)
S3 Cll 1.621 (7)
54 Cll 1.709(7)
S 5 C21 1.689(7)
S6 C21 1.645(7)
S7 C31 1.660(7)
38 C31 1.690(7)
S9 C41 1.687 (6)
S10 C41 1.660(7)
Sll C51 1.656(7)
S12 C51 1.676(7)
Atom 1 Atom 2 Distance
Cl C2 1.548(9)
Cll C12 1.538(9)
C21 C22 1.489(9)
C31 C32 1.523(9)
C41 C42 1.520(9)
C51 C52 1.528(9)
06 
I
2a Selected Angles
Atom 1 Atom 2 Atom 3 Angle
Agl Ag2 Ag3 "'97.42(2)
Ag2 Ag3 Ag4 82.85(2)
Agl Ag4 Agl 94.87(2)
Ag4 Agl Ag2 84.85(2)
SI Agl S 8 90.08 (7)
S 2 Ag2 S3 86.48(7)
S4 Ag3 S 5 97.77 (7)
S6 Ag4 S7 90.61(7}
SI Agl S9 108.66(7)
SI Agl S12 106.43(8)
S 8 Agl S9 105.72(8)
S8 Agl S12 102.69 (7)
S2 Ag2 S9 99.80(7}
S2 Ag2 Sll 110.31(7)
S3 Ag2 S9 107.60(8)
S3 Ag2 Sll 102.62(7)
S4 Ag3 S10 111 .81 (7)
S4 Ag3 Sll 100.93(7)
S5 Ag3 S10 99.73(7)
S5 Ag3 Sll 108.90(7)
S6 Ag4 S10 97.47 (7)
S6 Ag4 S12 108 .08(8)
S7 Ag4 S10 110.53(7)
S7 Ag4 S12 97.23(7)
S9 Agl S1 2 134.21(6)
S9 Ag2 Sll 138.23(6)
S10 Ag3 Sll 132.66(6)
S10 Ag4 SI 2 141.91(6)
SI Cl S2 129.00(43)
S3 Cll S 4 127.67(45)
S5 C21 S6 127.04(42)
S7 C31 S8 126.66(45)
S9 C41 S10 129.30(42)
Sll C51 S12 130.38(46)
Crystal data for 2b: Ag«SeCsaHs 9 N 3 ■l / 2 C s H a N , F.W.:
1489.6, monoclinic, space group P2i/c, a=12.853{2), 
b= 2 2.013(5) , c = 2 1 . 6  59 (4)£, B =96.281(14>0 , Z = 4, dc =1 
T = 2 3° C , .. (MoK 1} =15 . 57cm' 1 , 644 variables, 1<"<25°,
for 5357 data with I>3 (I) .
. 6  24gcm~ 
R = 0.038
Coordinates for Atr4 (CIO Hll S2)4 Pv3 . 1/2 Pv
Aton X 1 1 B(A2 )
Agl 0.68251(5) 0.25883(3) 0.82667(3) 4.11(1)
Ag2 0.89564(4) 0.17431(3) 0.88258(3) 3.88(1)
Ag3 0.90965(4) 0.28264(3) 0.80379(3) 3.61(1)
Ag4 0.82061(5) 0.29275(3) 0.93069(3) 3.84(1)
SI 0.9033(1) 0.17145(9) 0.76660(9) 3.57(4)
32 0.6663(2) 0.1707(1) 0.7552(1) 4.85(5)
S3 0.7587(2) 0.35820(9) 0.78122(9) 3.75(5)
S4 0.7990(2) 0.4033(1) 0.9130(1) 5.10(6)
S5 1.0673(2) 0.3178(1) 0.87545(9) 4.21(5)
S6 0.9847(2) 0.23988(9) 0.97376(9) 3.94(5)
S7 0.6530(2) 0.23544(9) 0.94454(9) 3.90(5)
S 8 0.7629(2) 0.11492(9) 0.9325(1) 4.47(5)
N1 0.5048(5) 0.2935(3) 0.8035(3) 4.5(2)
Coordinates for Ag4 (CIO Hll 32)4 Pv3 . Pv (cont.)
Aton X I z B(A2 )
N2 1.0265(5) 0.0888(3) 0.9001(3) 4.4(2)
N3 0.9966(5) 0.3157(3) 0.7108(3) 4.7(2)
Cl 0.7814(5) 0,1483(3) 0.7367(3) 3.2(2)
C2 0.7796(6) 0.0993(3) 0.6894(3) 3.6(2)
C3 0.7708(6) 0.0390(3) 0.7067(4) 4.8(2)
C4 0.7637(8) -0.0052(4) 0.6610(4) 7.1(3)
C5 0.770(1) 0.0093(4) 0.5993(5) 8.9(3)
C6 0.705(1) 0.0694(5) 0.5848(4) 9.3(4)
C7 0.7885(7) 0.1147(4) 0.6280(4) 5.5(2)
C 8 0.7638(8) 0.0199(4) 0.7722(4) 7.3(3)
C9 0.767(2) -0.0404(6) 0.5501(6) 17.1(7)
CIO 0.7992(9) 0.1796(4) 0.6081(4) 7.3(3)
Cll 0.7706(5) 0.4132(3) 0.8371(3) 3.8(2)
Coordinates for Aa4 (CIO Hll 32)4 Pv3 . 1/2 Pv (cont.)
At O B X I z B(A2 )
C12 0.7543(6) 0.4770(3) 0.8142(3) 3.7(2)
C13 0.6555(6) 0.4972(4) 0.7948(4) 5.1(2)
C14 0.6429(7) 0.5576(4) 0.7736(4) 5.8(2)
C15 0.7250(8) 0.5954(4) 0.7715(4) 6.2(3)
C16 0.8233(7) 0.5748(4) 0.7908(4) 5.8(2)
C17 0.8415(6) 0.5148(4) 0.8114(3) 4.3(2)
C18 0 . 5591( 7) 0.4581(4) 0.7955(5) 7.5(3)
C19 0.710(1) 0.6611(4) 0.7491(5) 9.5(4)
C20 0.9514(7) 0.4951(4) 0.8319(4) 6 .2 (2 )
C21 1.0762(5) 0.2835(3) 0.9438(3) 3.6(2)
C22 1.1780(5) 0.2899(3) 0.9862(3) 3.7(2)
C23 1.1864(6) 0.3344(4) 1.0323(4) 4.7(2)
C24 1.2826(6) 0.3396(5) 1.0686(4) 6.4(3)
Coordinates for Ag4 (CIO Hll S2)4 Pv3 . 1/2 Pv (cont.)
Aton X I 2 B(A2 )
C25 1.3637(6) 0.3008(5) 1.0615(4) 6.9(3)
C26 1.3511(6) 0.2570(5) 1.0155(4) 6.3(2)
C27 1.2596(6) 0.2498(4) 0.9782(4) 5.0(2)
C28 1.0945(7) 0.3744(5) 1.0436(4) 6.9(3)
C29 1.4692(8) 0.3084(7) 1.1019(5) 12.0(4)
C30 1.2485(7) 0.2011(4) 0.9299(5) 6.8(3)
C31 0.6739(5) 0.1602(3) 0.9585(3) 3,6(2)
C32 0.5992(5) 0.1311(3) 0.9975(3) 3.3(2)
C33 0.621B(6) 0.1300(3) 1.0619(3) 4.0(2)
C34 0.5508(6) 0.1021(4) 1.0972(4) 4.9(2)
C35 0.4605(6) 0.0756(4) 1.0684(4) 5.1(2)
C36 0.4404(6) 0.0769(4) 1.0057(4) 5.0(2)
C37 0.5083(6) 0.1036(4) 0.9678(4) 4.2(2)
Coordinates for Ag4 (CIO Hll S2)4 Pv3 . 1/2 Pv (cont.)
Atom X X 1 B( A2 )
C38 0.7204(7) 0.1584(4) 1.0933(4) 6 .1 (2 )
C39 0.3833(7) 0.0468(5) 1.1081(5) B . 0  ( 3)
C40 0.4815(6) 0.1046(4) 0.8993(4) 5.8(2)
C41 0.4408(6) 0.3052(4) 0.8456(4) 5.3(2)
C42 0.3386(6) 0.3255(4) 0.8312(5) 6.5(3)
C43 0.3047(7) 0.3328(4) 0.7691(5) 6.7(3)
C44 0.3687(7) 0.3217(4) 0.7251(4) 6.6(3)
C45 0.4699(6) 0.3018(4) 0.7449(4) 5.7(2)
C46 1.0521(6) 0.0688(4) 0.9571(4) 5.4(2)
C47 1.1297(7) 0.0266(4) 0.9725(4) 6 .0 (2 )
C48 1.1845(6) 0.0039(4) 0.9284(4) 5.7(2)
C49 1.1597(7) 0.0238(4) 0.8691(4) 5.8(2)
C50 1.0801(6) 0.0654(4) 0.8561(4) 5.3(2)
Coordinates for Aq4 (CIO Hll 52)4 Fv3 . 1/2 Pv (cont.)
Atom X 1 Z B(A2 )
C51 1.0524(7) 0.2764(4) 0.6823(4) 5.6(2)
C52 1.1093(6) 0.2914(4) 0.6337(4) 5.8(2)
C53 1.1084(7) 0.3483(4) 0.6144(4) 6 .1 (2 )
C54 1.0487(8) 0.3905(4) 0.6422(4) 7.0(3)
C55 0.9937(7) 0.3720(4) 0.6898(4) 5.4(29
CIS 0.529(2) 0.032(1) 0.450(1) 25(1)*
C2S 0.529(2) 0.068(1) 0.506(1) 29(1)*
C3S 0.497(2) -0.031(1) 0.442(1) 29(1)*
atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms refined
anisotropically, is defined by the equation:
4 2 2 2
^Ca + b B2 2  + c B 3 3  + abB^jCQSY + acB^^cosB + bcB2 3cosa 1
Table of Bond Distances In Angstroas
Ag Coordination
Atoa 1 Atoa 2 
>!!■■*
Distance
Agl Ag2 3.4234(8)
Agl Aq3 3.0618(8)
Agl Ag4 2.0138(6)
Ag2 Ag3 2.9508(8)
Ag2 Ag4 3.0072(8)
Ag3 Ag4 3.1008(8)
Atoa I Atoa 2 Distance
■  K  ■  *  a  C ■ • m m •
Agl 52 2.478(2)
Agl N1 2.410(6)
Ag2 SI 2.527(2)
Ag2 SB 2.490(2)
Ag2 N2 2.526(6)
Ag3 SI 2.576(2)
Atoa 1
* « m * m m
Atoa 2 Distance
Ag3 S3 2.564(2)
Ag3 S5 2.536(2)
Ag3 N3 2.517(6)
Ag4 S4 2.477(2)
Ag4 S6 2.500(2)
Ag4 S7 2.544(2)
Table of Bond Distances In Angstroas
for Ag4 (CIO Hll 32)4 Py3 . 1/2 Py
Atoa 1 Atoa 2 Distance
Agl M 3 3.0616(B)
Agl M 4 2.8136(8)
Agl 32 2.478(2)
Agl 33 2.633(2)
M l 37 2.673(2)
Agl HI 2.410(6)
M 2 M 3 2.9508(8)
M 2 M 4 3.0072(8)
M 2 31 2.527(2)
M 2 36 2.609(2)
M 2 SB 2.490(2)
M 3 Ag4 3.1006(8)
M 3 31 2.576(2)
M 3 S3 2.564(2)
Atoa 1 Atoa 2 Distance
m m m m w ■ * ft ft fl ■ ■ • •
Ag3 35 2.536(2)
Ag4 34 2.477(2)
Ag4 36 2.500(2)
Ag4 37 2.544(2)
31 Cl 1.708(6)
32 Cl 1.652(7)
S3 Cll 1.708(7)
S4 Cll 1.660(7)
S5 C21 1.654(7)
S6 C21 1.703(7)
S7 C31 1.701(7)
38 C31 1.662(7)
N1 C41 1.319(9)
N1 C45 1.312(9)
Atoa 1 Atoa 2 Distance
m m m m m m B*B*aaaB
N2 C46 1,319(9)
32 C50 1.339(9)
N3 C51 1.32(1)
N3 C55 1.32(1)
Cl C2 1.488(9)
C2 C3 1.388(9)
C2 C7 1.39(1)
C3 C4 1.38(1)
C3 CB 1.49(1)
C4 C5 1.39(1)
C5 C6 1.38(1)
C5 C9 1.52(1)
C6 C7 1.37(1)
C7 CIO 1.50(1)
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Bond Distances (cont.)
Atoa 1
■ a * • • *
Atoa 2 Distance
Cll C12 1.495(9)
C12 C13 1.370(9)
C12 C17 1.404(9)
C13 C14 1.41(1)
C13 CIS 1.51(1)
C14 CIS 1.36(1)
C15 C16 i.36(1)
CIS C19 1.53(1)
C16 C17 1.41(1)
Cl 7 C20 1.50(1)
C21 C22 1.522(9)
C22 C23 1.39(1)
C22 C27 1.40(1)
C23 C24 1.40(1)
CIS C2S 1.44(4)
Atoa 1 Atoa 2 Distance
st *  a  a x  n >  *  ■  S  IB • c a a a a a a a
C23 C28 1.52(1)
C24 C25 1.37(1)
C25 C26 1.38(1)
C25 C29 1.5411)
C26 C27 1.36(1)
C27 C30 1.49(1)
C31 C32 1.492(9)
C32 C33 1.394(9)
C32 C37 1.408(9)
C33 C34 1.40(1)
C33 C36 1.51(1)
C34 C35 1.39(1)
C35 C36 1.36(1)
C35 C39 1.52(1)
CIS C3S 1.46(3)
Atoa 1 
****»«
Atoa 2
* * m m a a
Distance
*aaas**a
C36 C37 1.39(I)
C37 C40 1.49(1)
C41 C42 1.39(1)
C42 C43 1.38(1)
C43 C44 1.35(1)
C44 C45 1.40(1)
C46 C47 1.38(1)
C47 C48 1.34(1)
C48 C49 1.36(1)
C49 C50 1.38(1)
C51 C52 1.39(1)
C52 C53 1.32(1)
C53 C54 1.38(1)
C54 C55 1.38(1)
r\>
O
Table of Bond Angles In Degrees
Ag Coordination
Atoa 1
assess
Atoa 2 Atoa 3 Angle
= S Z = S
Atoa 1 Atoa 2 Atoa 3
e a s s x s
Angle
e s ss s
Ag2 Agl Ag3 53.78(2) SI Ag2 S8 121.50(7)
Ag2 Agl Ag4 56.64(2) SI Ag2 N2 91.9(2)
Ag3 Agl Ag4 63.54(2) S8 Ag2 N2 91.2(1)
Agl Ag2 Ag3 56.83(2) SI Ag3 S3 124.06(6)
Agl Ag2 Ag4 51.40(2) SI Ag3 S5 118.50(6)
Ag3 Ag2 Ag4 62.72(2) SI Ag3 N3 91.5(2)
Agl Ag3 Ag2 69.38(2) S3 Ag3 S5 117.20(7)
Agl Ag3 Ag4 54.33(2) S3 Ag3 N3 93.1(2)
Ag2 Ag3 Ag4 59.53(2) S5 Ag3 N3 90.3(1)
Agl Ag4 Ag2 71.96(2) S4 Ag4 S6 126.28(7)
Agl Ag4 Ag3 62.13(2) S4 Ag4 S7 115.08(7)
Ag2 Ag4 Ag3 57.75(2) S6 Ag4 S7 114.62(6)
S2 Agl N 1 96.1(2)
zo
z
Table of Bond Angles In Degrees 
Ag4 (CIO Hll 32)4 Py4 . 1/2 Py
Aton 1 Aton 2 Aton 3 Angle Aton 1 Aton 2 Aton 3
—•“23“
Angle
Ag3 Agl Ag4 63.54(2) 37 Agl N1 91.7(2)
Ag3 Agl S2 92.83(5) Ag3 Ag2 Ag4 62.72(2)
Ag3 Agl S3 52.86(4) Ag3 Ag2 31 55.46(4)
Ag3 Agl 37 115.19(4) Ag3 Ag2 S6 86.62(5)
Ag3 Agl N1 144.3(2) Ag3 Ag2 38 139.85(5)
Ag4 Agl S2 135.33(5) Ag4 Ag2 SI 114.55(5)
Ag4 Agl S3 81.43(4) Ag4 Ag2 S6 52.29(4)
Ag4 Agl S7 55.17(4) Ag4 Ag2 38 92.50(5)
Ag4 Agl N1 125.7(2) SI Ag2 36 134.85(6)
32 Agl S3 115.26(7) SI Ag2 38 121.50(7)
S2 Agl 37 115.80(7) S6 Ag2 S8 103.11(7)
32 Agl N1 96.1(2) Agl Ag3 Ag2 69.38(2)
33 Agl 37 127.97(6) Agl Ag3 Ag4 54.33(2)
33 Agl N1 92.4(2) Agl Ag3 31 83.69(4) 203
Bond Angles (cont.)
Atoa 1 Atoa 2 Atoa 3 Angle
sasts! II II II II M II = = = 3 3 = = 3 = = =
Agl Ag3 S3 54.95(4)
Agl Ag3 S5 131.78(5)
Ag2 Ag3 Ag4 59.53(2)
Ag2 Ag3 SI 53.90(4)
Ag2 Ag3 S3 122.83(5)
Ag2 Ag3 S5 89.30(5)
Ag4 Ag3 SI 110.10(4)
Ag4 Ag3 S3 77.11(4)
Ag4 Ag3 S5 77.48(5)
SI Ag3 S3 124.06(6)
SI Ag3 S5 118.50(6)
S3 Ag3 S5 117.20(7)
Agl Ag4 Ag2 71.96(2)
Agl Ag4 Ag3 62.13(2)
Atoa 1
=3X1=3
Atoa 2
* * W 3S * »
Atoa 3
tasias
Angle
= 3 X ^ ^
Agl Ag4 S4 94.98(5)
Agl Ag4 S6 127.48(5)
Agl Ag4 S7 59.61(5)
Ag2 Ag4 Ag3 57.75(2)
Ag2 Ag4 S4 146.54(5)
Ag2 Ag4 S6 55.64(5)
Ag2 Ag4 S7 85.35(5)
Ag3 Ag4 34 88.83(5)
Ag3 Ag4 S6 85.34(5)
Ag3 Ag4 37 117.98(5)
34 Ag4 S6 126.28(7)
S4 Ag4 S7 115.08(7)
S6 Ag4 37 114.62(6)
Ag2 31 Ag3 70.64(5)
to 
a
Bond Angles (cont
Atoa 1 Aton 2 Aton 3 Angle Atoa
Ag2 SI Cl 104.5(2) Ag2
Ag3 SI Cl 113.5(2) Agl
Agl S2 Cl 111.7(2) Agl
Agl S3 Ag3 72.19(5) C41
Agl S3 Cll 109.4(2) C46
Ag3 S3 Cll 108.6(2) C51
Ag4 S4 Cll 106.9(3) SI
Ag3 S5 C21 112.4(2) SI
Ag2 S6 Ag4 72.08(5) S2
Ag2 S6 C21 106.7(2) Cl
Ag4 S6 C21 100.7(2) Cl
Agl S7 Ag4 65.22(5) C3
Agl S7 C31 108.7(2) C2
Ag4 37 C31 1 1 2 .6 (2 ) C2
Atoa 2
3 X 3 X 3 X
Atoa 3
333 3 3 X
Angle
S8 C31 111.3(2)
HI C41 124.6(5)
N1 C45 117.5(6)
N 1 C45 117.9(7)
N2 C50 116.3(7)
N3 CSS 116.8(7)
Cl S 2 129.0(4)
Cl C2 115.0(5)
Cl C2 115.9(5)
C2 C3 120.3(6)
C2 C7 119.0(6)
C2 C7 120.7(7)
C3 C4 118.6(8)
C3 C8 122.8(7)
r,o
z
Bond Angles (cont
Atoa 1
s s x e e x
Atoa 2
xsssss
Atoa 3 Angle
m c * s s
Atoa
SIC C X
C4 C3 C 8 118,5(8) Cl 3
C3 C4 C5 1 2 1 .6 (8 ) C12
C4 C5 C6 117.7(9) C12
C4 C5 C9 1 2 1 .(1 ) C14
C6 C5 C9 1 2 1 .(1 ) C13
C5 C6 C7 122.7(9) C14
C2 C7 C6 118.5(8) C14
C2 C7 CIO 1 2 1 .8 (8 ) C16
C6 C7 CIO 119.7(7) C15
S3 Cll S4 127.0(4) C12
S3 Cll C12 115.6(5) C12
S4 Cll C12 117.3(5) C16
Cll C12 C13 120.0(7) S5
Cll C12 C17 119.2(7) S5
)
Atoa 2
■C S S S B
Atoa 3
IBItlt
Angle
r S B S B
Cl 2 C17 120.8(7)
C13 C14 118.5(8)
C13 C18 123.0(8)
C13 C18 118.5(7)
C14 CIS 121.8(9)
C15 C16 119.2(8)
C15 C19 1 2 1 .(1 )
CIS C19 1 2 0 .(1 )
C16 C17 121.9(8)
Cl 7 C16 117.8(8)
Cl? C20 123.2(7)
C17 C20 119.0(8)
C21 S6 128.0(4)
C21 C22 118.0(5)
O
O'
Bond Angles (cont.)
Atoa 1 Atom 2 Atoa 3 Angle Atoa 1 Atoa 2 Atoa 3 Angle
K i m s * S K B I K C X X X = X x x s x  x X X X X X X X X X 3 X X I S S 8 C S e x mm  *
S6 C21 C22 114.0(5) C26 C27 C30 1 2 0 .6 (8 )
C21 C22 C23 119.5(7) S7 C31 S8 128.7(4)
C21 C22 C27 110.3(7) 37 C31 C32 114.8(5)
C23 C22 C27 122.2(7) SB C31 C32 116.4(5)
C22 C23 C24 117.1(8) C31 C32 C33 119.9(6)
C22 C23 C28 121.6(7) C31 C32 C37 118.7(6)
C24 C23 C28 121.3(8) C33 C32 C37 121.4(6)
C23 C24 C25 121.6(9) C32 C33 C34 118.6(7)
C24 C25 C26 119.0(8) C32 C33 C38 121.1(7)
C24 C25 C29 1 2 0 .(1 ) C34 C33 C38 120.3(8)
C26 C25 C29 1 2 1 .(1 ) C33 C34 C35 120.4(7)
C25 C26 C27 122.3(9) C34 C35 C36 120.0(7)
C22 C27 C26 117.7(8) C34 C35 C39 119.2(9)
C22 C27 C30 121.7(7) C36 C35 C39 120.8(9) 207
Bond Angles (cont
Atoa 1 Atoa 2 Atoa 3
3S S3K3 ,=ssas
C35 C36 C37
C32 C37 C36
C32 C37 C40
C36 C37 C40
N1 C41 C42
C41 C42 C43
C42 C43 C44
C43 C44 C45
N1 C45 C44
N2 C46 C47
Angle Atoa
1 2 2 .5(7) C46
117.1(7) C47
122.7(7! C48
120.2(7) N 2
123.7(8) N3
116.5(9) C51
121.1(9) C52
117.4(9) C53
123.3(9) N3
123.5(8) C2S
Atoa 2 Atoa 3
X X  = S X  X
Angle
C47 C48 1 2 0 .1 (8 )
C48 C49 117.7(8)
C49 C50 119.8(8)
C50 C49 122.7(8)
C51 C52 123.9(8)
C52 C53 118.7(9)
C53 C54 118.9(9)
C54 C55 119.0(9)
C55 C54 1 2 2 .6 (8 )
CIS C3S 127.(3)
2 09
Crystal data for 2c: Ag 4 SB Cs 2 H4 b N« , F.W.=1417.0,
monoclinic, space group P2/c, a = 1 5 .1601 (13) , b=12.211(3), 
c=20.934(2)A, P =135. 237 (8)° , 2 = 2, dc = 1 . 724gcnr 3 , T = 2 2 ° C , 
i (MoK j) =17 . 34cm~ 1 , 308 variables, 1<P<25®, R = 0.038 for 3700
data with I > 3 ■> (I ) .
Table of Positional Parameters and Their Eatlaated Standard Deviations
Atoa X Z z B(A2 )
Agl 0.85644(3) 0.41950(4) 0.65451(2) 3.55(1)
Ag2 1.04018(3) 0.29888(4) 0.67787(2) 3,82(1)
SI 0.9612(1) 0.4842 <1) 0.59906(7) 3.52(3)
52 1.1592(1) 0.5855(1) 0.78418(7) 4.24(4)
S3 0.76343(9) 0.2399(1) 0.64257(7) 3.32(3)
54 0.91992(9) 0.1250(1) 0.62316(7) 3.63(3)
Nl 1,1756(3) 0.2584(4) 0.6590(2) 3.9(1)
N2 0.6501(4) 0.4702(5) 0.494613) 4.9(2)
Cl 1.0669(3) 0.5821(4) 0.673B(2) 3.1(1)
C2 1.0762(4) 0.6771(4) 0.6331(2) 3.3(1)
C3 1.1482(4) 0.6658(5) 0.6155(3) 4.1(1)
C4 1.1654(4) 0.7525(6) 0.5835(3) 5.3(2)
Table of Positional Paraaetera and Their Estimated Standard Deviations (cont.)
Atoa X 2 z B(A2 )
C5 1.1094(5) 0.8526(6) 0.5681(3) 5.2(2)
C6 1.0372(5) 0.8634(5) 0.5838(3) 4.9(2)
C7 1.0165(4) 0.7765(5) 0.6166(3) 3.8(1)
C8 0.9335(4) 0.7931(6) 0.6307(3) 5.2(2)
C9 0.0077(3) 0.1320(4) 0.6196(2) 2 .8(1)
CIO 0.7337(3) 0.0299(4) 0.5931(3) 3.0(1)
Cll 0.7650(4) -0.0336(5) 0.6627(3) 4.0(1)
C12 0.7003(4) -0.1296(5) 0.6433(3) 5.1(2)
C13 0.6004(4) -0.1603(5) 0.5530(3) 5.2(2)
C14 0.5716(4) -0.0992(5) 0.4854(3) 4.7(2)
C15 0.6355(4) -0.0026(5) 0.5013(3) 4.0(1)
C16 0.5989(5) 0.0638(6) 0.4250(3) 5.3(2)
Table of Positional Parameters and Their Estiaated Standard Deviations (cont.)
Atom X 2 Z B<A2 )
C17 1.1002(4) 0.3243(5) 0.6103(3) 4.1(1)
CIS 1.2554(4) 0.3040(6) 0.5974(3) 5.5(2)
C19 1.3258(5) 0.2121(7) 0.6321(3) 7.3(2)
C20 1.3207(5) 0.1429(7) 0.6812(4) 6.7(2)
C21 1.2451(4) 0.1682(6) 0.6934(3) 5.1(2)
C22 0.5932(6) 0.5624(7) 0.4725(4) 6 .8(2)
C23 0.4803(6) 0.5884(7) 0.3871(4) 7.5(3)
C24 0.4263(8) 0.5163(9) 0.3234(5) 10.3(4)
C25 0.483(1) 0.4177(9) 0.3438(5) 12.8(5)
C26 0.5938(7) 0.39B7(7) 0.4305(4) 0.2(3)
The equivalent isotropic thermal parameter, for atoms refined 
anisotropically, is defined by the equation:
^Ca^B^ + b2B22 + c2fi33 + ^bBj^cosy + acB^cosB + bcB^cosa 3
Lablr ijt Bond DiMancej In Angstroms
A ton 1
3 = * * = =
Atom 2 D13tanc<.‘ At om I Atom
Agl Aq 1 ' 3.196617) N 2 C22
Agl Aq2 2.8693(b ) N 2 C 2b
Agl Ag2 3.0215(b) C 1 S 1
Ag2 Aq 2 ' 3. 9784(7) Cl S 2
Agl SI 2 . b67( 1 i Cl C 2
Agl S2 2.499<1 ) C2 Cl
Agl S3 2.522(11 r? C (
Agl N2 2.550(4) L 2 C7
Ag2 SI 2.54411) C 3 C2
Ag2 S3 2.7b0( 1 ) L J C4
M 2 54 2.4861 1 > C4 C 3
Ag2 N 1 2.403(4 > 4 rs
N1 C1 7 I.338(6) i 6 C4
SI C21 1.32916 ) i.;*. Cb
Ui stance Atom 1 Atom 2 Di stariur
1 . 28(1! 7 ) Cb Cb 1.355* 7)
1.291(7) C6 C 7 1.414(b)
1 . G9IK 4 ) C7 C2 1 . 4u.’( b)
1 . M61 4 ) C7 Cb 1.414(6)
1.504(5) C7 C0 1.498(6)
1.6 04(6 ) C8 C 7 1 . 4 9R< 6)
1 . 1M8 ( b ] C9 3 1 . t,9 ! ( 4 )
1.402(6) C9 S4 1.bbOt 4)
1 . (R1 ( 6 ] C9 C I O 1.497(b)
1.373(7) CIO C9 1 .497(6)
1.373(7) CIO Cll 1.402(6)
1.18^(7) CIO CIS 1.417(b)
1.389( /) Cll CIO 1.402(6)
1. 16b( 7> Cll C 1 2 1.39 1(b)
Bond Distances (cant.)
A t o m  1
* f t t r =
Atom 2 Df stance A turn 1 Atom 2 Di stance Atom l Atom 2 Distance
C12 Cll i. J9H*) r 17 N 1 1.338(6) C2 2 N2 1 .2BD(7 )
Cl 2 Cl 3 1.3941R) CI 7 t i p 1 . 760(6) C22 C2 7 1.371(0)
Cl 3 Cl 2 1.394(0) '.'in ci / 1 .360(6 ) C23 C22 1 . 3 7 1 (R )
C13 C14 1.360(0) C 1 8 C 1 9 1 .35118) C23 C24 1 .29{ 1 )
C14 Cl 3 1.360(B) C19 C 18 1.751(8) C24 C2 3 1 .291 1)
C14 CIS 1.408(7 ) C 1 9 C20 1.375(8) C24 C25 1 . 36( 1)
CIS CIO 1.417(6) C20 C 1 9 1.3 75(8) C25 C24 1 .36( 1 )
CIS C14 1 .408(7 t C20 C 21 1.377(7) C25 C 26 I . (6(1)
CIS C 16 1 . 503( 7 ) ('2 1 N 1 1.329(6) (.'26 N 2 I . 2 1 M  ( 7 )
C16 CIS 1.50317) C 2 1 C20 1.373(7) C26 C25 1.3b( 1 )
Table of Bond Angler; in Degrees
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Ang 1 e
Agl Agl Ag2 59.46(1) SI Ag2 N1 98.0(li
Agl Agl Ag 2 54.87(1 ) S3 Ag2 S4 9 7.69(4)
Ag2 Agl Ag2 84 .92 f 1) S3 Ag2 N1 8 7 . 1 ( 1 )
Agl Ag2 Agl 65.67( 1 ) S4 Ag? N 1 100.5( 1 )
Agl Ag2 Aq 2 49.16(1) C 1 7 N1 C21 117.5(4)
Agl Ag2 Ag2 4 5.92(1 ) C 22 N2 C26 115.9(5)
SI Agl S 2 106.63(4 I SI Cl S2 128.](3)
SI Agl S3 132.71(4) SI Cl C2 115.4(3)
SI Agl N2 94.9(1) " >  ^t. Cl C2 116.5(3)
S2 Agl S3 120.41(4 ) n C2 C 3 119.9(4)
S2 Agl N2 90.1( 1 1 Cl C2 C7 120.3(4)
S3 Agl N2 90.2(1) C 3 C2 C7 120.0(4 )
SI Aq2 S3 132.15(4) C2 C3 C4 120.8(5)
SI Ag2 S4 127.41 (4 ) r 3 C4 C5 119.6(5)
Bond Angles
Atom 1 Atom 2 Atom 3 Angle
C4 C5 C6 119.7 15)
C5 C6 C7 12 2.7(b)
C2 C7 Cb 116.3(4)
C2 C7 CR 123.6(4)
C6 C7 C8 120. 1(4)
S3 C9 S4 129.1(3 )
S3 C9 CIO 114.1(3)
S4 C9 CIO 116.9(3)
C9 CIO Cll 117.7(4)
C9 CIO C IS 121.6(4)
Cll CIO CIS 170.7(4)
CIO Cll C 1 2 121.0(b)
Cll C12 C 13 118.9(5)
C12 Cl 3 Cll 119.9(5)
Atom 1 Atom 2 Atom 3 Angle
C 1 3 Cl 4 Cl 5 123.5(5)
CIO Cl 5 C14 116.0(5)
CIO Cl 5 C16 122.1(4)
Cll CIS C16 121.9(5)
N1 Cl 7 C18 122.8(5)
Cl 1 CIO Cl 9 119.7(5)
C18 Cl 9 C20 118.1(5)
Cl 9 C20 C21 119.0(6)
N1 C21 C20 122.1(5)
N2 C22 C23 124.7(h)
C22 C23 C24 110.5(7)
C23 C24 C25 118.9(7)
C24 C25 C26 118.5(7)
N2 C26 C25 123.5(7)
Crystal data for 3a: Cu«Si aC«oH«4■ C3H * O , F.W.=1221.8,
triclinic, space group Pi, a=12.742(4), b=15.148(2), 
c=15.2 8 4 (2>£, u = l l l .244 (9) , 6=91.900(16), y =102.019(15>0 
Z = 2, dc =1 . 519gcirr 3 , T=22°C, n (CuK a) = 63. 52cm-1 , 506
variables, 2<f <70°, R = 0.050 for 5702 data with I>3 '’(I) .
Coordinates and Isotropic Thermal Parameters for Cu T e t rimer
Atom x y 2 E(A2)
Cul o .7ii:111 0.06186(8) 0.81187(8) 5.59(3)
Cvj2 0.8913(1> 0 . 0 1 0 0 K  7) 0 . 6 6 5 7 K  7) 5.16(3 >
Cu3 0.6927(1) 0.00365(7) 0.59296(8) 5.27(3 :
Cu4 0.6234 Cl) ■0.12299(7) 0.6883B(8) 5.6 3 ( ^ '
SI 0.9173(2) 0.0986(1) 0.8131(1) 5.17(5)
S2 0.9633(2) 0.0216(1) 0.886711) 5.32(5)
S3 0.9473(2) - 0.1297(1) 0.6918(1) 5. 5 8 ( 6 i
S4 0.8506(2) -0.0078(1) 0.5255(1) 4.72(5)
S5 0.910712) 0.1344(1) 0.5382(1) 5.14(5)
S6 0.6991 (2) 0 .1601(1) 0.611012) 5.49(5)
S7 0.54 08(2) 0.1048(1) 0.5667(2) 5.37(5)
S8 0.5608(2 ) -0.2232(1) 0.4552(2) 5.70(6)
H 
I Z
Cu iV'ttamor (Continued)
Atom x y 2 B(A2 )
S9 0 . 6 6  ^ ( 2 ) -0.2653(1) 0.6100(2) 5.8 8 ( 6
S10 0 . 6  312 ( 2 ) - 0 .0^53 C1 > 0.8448(1) 5 . 4 9 ; r
Sll 0 . 4937(2) *0.0041(1) 0.8624(1) 5.71(5
S12 0.6301(2) 0.1596(1) 0.8221(2) 6.05(6
Cl 0.9718(6) “0.0895(5) 0.8066(5) 4.6(2)
C2 1.0043(6) “0.1515(5) 0.8556(5) 4.6(2)
C3 1 . 1144( 7 ) 0.14 25(5) 0.880715) 5.6(2)
C4 1.14 35(7) -0.2014(5) 0.9227(6) 6.4(2)
C5 1.064 7(7) -0.2723(5) 0.9386(5) 6 .2 (2 )
C 6 0 .9^07(7) -0.2788(5) 0.9140(5) 6 .0 (2 )
C7 0.9267(6) 0.2186(5) 0.8726(5) 5 . 1 0
C 8 1.2014(7) -0.0678(7) 0.8644(7) 8 .0 (1 )
Ci; 7*.** ramer (Continued)
Atom X y z B( A 2 )
C9 1 . 0 9 7 9 ( 9 ) -0.3405(6) 0.9819(6) 0.9(3)
CIO 0.80vy.7) -0.2278(6) 0.8473(6) 7.4(3;
Cll 0.8163i6) 0.2002(5) 0.5814(5) 4.6(2)
Cl 2 0.8512(6) 0.3029(4) 0.5903(5) 4.7(2'
C13 0.901417) 0.3743(5) 0.6767(5) 5.6(2)
C14 0.9296(B) 0.4714(5) 0.6881(6) 6.9(3)
C15 0.9054 < 7) 0.4992(5) 0.6138(6) 6 .9(3)
C16 0.8525(B) 0.4274(5) 0.5286(6) 7.2(3)
C17 0.8239(7) 0.3275(5) 0.5149(5) 5.9(2)
C18 0.9253(9) 0.3457(6) 0.7595(6) 8.7(3)
C19 0.93011 ) 0.6059(6) 0.6252(7) 9 . 9 ( 3 '
C20 0.770(1 ) 0.2530(6) 0.4222(6) 9.2(3)
Cu Tetramer (Continued)
Atom x y z B(A2)
C21 0.6201(6) -0.2908(5) 0.4982(5) 4.8(2)
C22 0.6327(7) -0.3834(5) 0.4228(5) 5.1(2)
C23 0.5454(7) -0.4637(5) 0.3864(5) 5.4(2)
C24 0.5630(8) -0.5505(5) 0.3223(6) 6.4(2)
C25 0 .6 6 6 b (8 ) -0.5555(6) 0.2940(6) 6.8(3)
C26 0.7483(7) -0.4747(6) 0.3288(6) 6.9(3)
C27 0.7355(7) -0.3875(5) 0.3921(6) 6 .0 (2 )
C28 0.4363(7) -0.4622(6) 0.4157(6) 6.9(3)
C29 0.6798(9) -0.6536(7) 0.2265(7) 10.0(4)
C30 0.8295(8) -0.2987(7) 0 . 4271(7) 8.3(3)
C31 0.5147(6) 0.1018(5) 0.0458(5) 4.7(2)
C32 0.4181(6) 0.1435(5) 0.8511(5) 4.7(2)
Cm Tetramcr (Continued )
Atom > y 2 B(A 2 >
C33 0.4036'6) 0.2141(5) 0.9362(5) 5.3(2)
C34 0.3207(7) 0.2616(6) 0.9369(5) 6 .0 (2 )
C35 0.253917) 0.2387(6) 0.8544(6) 6.3(2)
C36 0.2663(7) 0.1649(6) 0.7710(6) 6.8(3)
C37 0.350117) 0.1175(5) 0.7682(5) 6 .0 (2 )
C3B 0.47661 0 ) 0.2427(6) 1.0252(6) 7.4(3)
C39 0.168718 ) 0.2983(6) 0.8536(7) 8.5(3)
C40 0.3652(8) 0.0434(6) 0.6754(6) 7.7(3)
CIS 0.605 0.465 0.876 25
C4S 0.6542 0.4478 0.9526 25
C2S 0.5074 0.3969 0.8193 25
C3S 0.6520 0.5506 0.8553 25
Anisotropically refined atoms are given in the form of the 
equivalent isotropic thermal parameter defined as:
(4/3) * Ca2*B(l,l) + b2lB(2,2) * c2*B(3,3) + ab(cos gamma)*B:1,2) 
+ ac(cos beta)*B(l,3) * bc(cos alpha)*B<2 ,3)3
Table of Bond 
for
Distances in 
Cu Atoms
Angstroms
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Cul Cu2 3.038(2) Cu2 SI 2 .2 2 1 (2 )
Cul Cu3 3.286(2) Cu2 S3 2.236(3)
Cul Cu4 2.808(1) Cu2 S4 2 .2 0 2 (2 )
Cu2 Cu3 2.870(2) Cu3 S4 2.236(2)
Cu2 Cu4 3.575(2) Cu3 S6 2.232(2)
Cu3 Cu4 2.947(2) Cu3 S7 2.204(2)
Cul SI 2.193(2 ) Cu4 S7 2.237(3)
Cul S10 2.243(2) Cu4 S9 2.231(2)
Cul S12 2.222(3) Cu4 S10 2.224(2)
zz
z
Table of Bond 
for Cu
Distances in 
Tetramer
Angstroms
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
SI Cul 2.193(2) S7 Cu3 2.204(2)
SI Cu2 2 .2 2 1 (2 ) S7 Cu4 2.237(3)
SI S2 2.043(4) S7 S8 2.048(3)
52 SI 2.043(4) S8 S7 2.048(3 >
52 Cl 1.712(7) S8 C21 1.682(9)
S3 Cu2 2.236(3) S9 Cu4 2.231(2)
S3 Cl 1.629(7) S9 C21 1.658(8)
S4 Cu2 2 .2 0 2 (2 ) S10 Cul 2. 243(2)
S4 Cu3 2.236(2) S10 Cu4 2.224(2)
S4 S5 2.065(3) S10 Sll 2.047(3)
S5 S4 2.065(3) Sll S10 2.047(3)
S5 Cll 1.719(8) Sll C31 1.682(8)
S6 Cu3 2.232(2) S12 Cul 2.222(3)
S6 Cll 1.638(8) S12 C31 1.670(8) 224
Bond Distances for Cu Tetramer (cont.)
Atom 1 Atom 2 Distance
Cl S2 1.712(71
Cl S3 1.629(7)
Cl C2 1.51(1)
C2 Cl 1.51(1)
C2 C3 1.40(1)
C2 C7 1.37(1)
C3 C2 1.40(1)
C3 C4 1.37(1)
C3 C 8 1.51(1)
C4 C3 1.37(1)
C4 C5 1.41(1)
C5 C4 1.41(1)
C5 C6 1.39(1)
C5 C9 1.53(1)
Atom 1 Atom 2 Distance
C6 C5 1.39(1)
C6 C7 1.39(1)
C7 C2 1.37(1)
C7 C6 1.39(1)
C7 CIO- 1.52(1)
CB C3 1.51(1)
C9 C5 1.53(1)
CIO C7 1.52(1)
Cll S5 1.719(8)
Cll S6 1.638(8)
Cll C12 1.48(1)
C12 Cll 1.48(1)
C12 C13 1.394(8)
C12 C17 1.39(1)
Bond Distances for Cu Tetramer tcont.)
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
ii n n ■ ■ N 5 S. £ S S S X = S 5 S * ESSIES fc ^  •
C13 C12 1.394(B) C19 CIS 1.52(1)
C13 C14 1.3B(1) C20 C17 1.48(1)
C13 C10 1.52(1) C21 38 1.682(9)
C14 C13 1.38(1) C21 S9 1.658(8)
C14 CIS 1.39(1) C21 C22 1.502(9)
C15 C14 1.39(1) C22 C21 1.502(9)
CIS C16 1.39(1) C22 C23 1.391(9)
CIS C19 1.52(1) C22 C27 1.41(1)
C16 C15 1.39(1) C23 C22 1.391(9)
CIS C17 1.42(1) C23 C24 1.39(1)
C17 C12 1.39(1) C23 C28 1.48(1)
C17 CIS 1.42(1) C24 C23 1.39(1)
C17 C20 1.48(1) C24 C25 1.41(1)
C18 CX3 1.52(1) C25 C24 1.41(1)
Bond Distances for Cu Tetramer (cont.)
Atom 1 Atom 2 Distance
C25 C26 1.35(1)
025 029 1.52(1)
026 025 1.35(1)
026 027 1.37(1)
027 0 2 2 1.41(1)
027 026 1.37(1)
027 030 1.51(1)
028 023 1.48(1)
029 C25 1.52(1)
030 027 1.51(1)
031 Sll 1.682(8)
031 S12 1.670(8)
C31 032 1.49(1)
032 031 1.49(1)
Atom 1 Atom 2 Distance
032 033 1.401(9)
032 037 1.39(1)
033 032 1.401(9)
033 034 1.40(1)
C33 038 1.49(1)
C34 033 1.40(1)
C34 C35 1.39(1)
C35 C34 1.39(1)
C35 C36 1.40(1)
C35 039 1.55(1)
C36 035 1.40(1)
036 037 1.40(1)
037 032 1.39(1)
037 036 1.40(1)
LZ
Z
Atom 1
C37
C38
Bond Distances for Cu Tetramer (cont.)
Atom 2 Distance Atom 1 Atom 2 Distance
C40 1.50(1) C39 C35 1.55(1)
C33 1.49(1) C40 C37 1.50(1)
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Table of Bond Angles in Degrees
for Cu Atoms
Atom 1 Atom 2 Atom 3 Angle
====== II H II H II II U H II II II II - - = - -
CU2 CU 1 CU3 53.82(4)
CU2 CU1 CU4 75.29(4)
CU3 GUI CU4 57.20(4)
CU1 CU2 CU3 67.51(4)
CU1 CU2 CU4 49.44(3)
CU3 CU2 CU4 53.06(4)
CU1 CU3 CU2 58.67(4)
CU1 CU3 CU4 53.22(3)
CU2 CU3 CU4 75.82(5)
CU1 C04 CTJ2 55.27(4)
CU1 CTJ4 CU3 69.58(4)
C02 CU4 CU3 51.12(4)
Atom 1 Atom 2 Atom 3 Angle
SI CU1 S10 131-5(1)
SI CU 1 S12 126.92(9)
S10 GUI S12 99.2(1)
SI CU2 S3 99.07(9)
SI CU2 S4 135.0(1)
S3 CU2 S4 . 125.27(8)
S4 CU3 S6 100.04(9)
S4 CU3 S7 132.09(8)
S6 CU3 S7 122.9(1)
S7 CU4 S9 98.68(9)
S7 CU4 S10 134.8(1)
S9 CU4 S10 124.5(1)
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Table of Bond Angles in Degrees
for Cu Tetramer
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
Cul SI Cu2 86.97(8) Cu4 S9 C21 103.9(3)
Cul SI S2 101.3(1) Cul S10 Cu4 77.91(8
Cu2 SI S2 1 0 1 .6 (1 ) Cul S10 Sll 1 0 0 .8 (1 )
Si S2 Cl 107.8(3) Cu4 S10 Sll 102.5(1)
Cu2 S3 Cl 103.8(3) S10 Sll C31 109.5(3)
Cu2 S4 Cu3 80.59(8) Cul S12 C31 104.3(3)
Cu2 34 S5 105.48(9) S2 Cl S3 127.5(5)
Cu3 54 S5 100.4(1) 52 Cl C2 111.0(5)
S4 S5 Cll 108.7(3) S3 Cl C2 121.5(5)
Cu3 S6 Cll 104.0(3) Cl C2 C3 120.2(7)
Cu3 S7 Cu4 83.14(8) Cl C2 C7 119.2(7)
Cu3 S7 S8 1 0 2 .2 (1 ) C3 C2 C7 1 2 0 .6 (8 )
Cu4 S7 SB 101.5(1) C2 C3 C4 119.6(7)
S7 38 C21 108.2(3) C2 C3 C8 121.4(8)
0 
£
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Bond Angles for Cu Tetramer (cont.)
Atom 1 Atom 2 Atom 3 Angle
C4 C3 ca 119.0(8)
C3 C4 C5 1 2 0 .8 (8 )
C4 C5 C6 118.4(9)
C4 C5 C9 1 2 0 .6 (8 )
C6 C5 C9 1 2 1 .1 (8 )
C5 C6 C7 1 2 1 .1 (8 )
C2 C7 C6 119.6(8)
C2 C7 CIO 1 2 1 .1 (0 )
C6 C7 CIO 119.4(7)
S5 Cll S6 126.8(4)
S5 Cll C12 112.5(6)
S6 Cll C12 120.7(6)
Cll C12 C13 119.7(7)
Cll C12 C17 119.0(5)
Atom 1 Atom 1 Atom 3 Angle
C13 C12 C17 121.1(7)
C12 C13 C14 120.7(8)
C12 C13 C18 119.9(7)
C14 C13 C18 119.4(6)
C13 C14 C15 120.2(7)
C14 C15 C16 118.7(7)
C14 C15 C19 121.7(7)
C16 CIS C19 119.6(9)
C15 C16 C17 122.2(9)
C12 C17 C16 117.2(6)
C12 C17 C20 122.3(7)
C16 C17 C20 120.5(8)
sa C21 S9 127.4(4)
S8 C21 C22 113.0(6)
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Bond Angles for Cu Tetramer (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle 
= = =
S9 C21 C22 119.6(6) C26 C27 C30 120.4(8)
C21 C22 C23 120.3(7) Sll C31 S12 126.1(5)
C21 C22 C27 118.5(6) Sll C31 C32 114.5(5)
C23 C22 C27 1 2 1 .2 (6 ) S12 C31 C32 119.4(6)
C22 C23 C24 118.3(8 > C31 C32 C33 119.7(6)
C22 C23 C28 123.0(6) C31 C32 C37 118.3(6)
C24 C23 C28 118.7(6) C33 C32 C37 121.7(8)
C23 C24 C25 120.5(7) C32 C33 C34 118.9(7)
C24 C25 C26 119.2(7) C32 C33 C38 1 2 2 .0 (8 )
C24 C25 C29 117.1(7) C34 C33 C38 119.0(7)
C 26 C25 C29 123.7(9) C33 C34 C35 120.2(7)
C25 C26 C27 122.8(9) C34 C35 C36 1 2 0 .2 (8 )
C22 C 27 C26 118.1(7) C34 C35 C39 119.9< 7)
C22 C27 C30 121.5(7) C36 C35 C39 119.9(8)
Bond Angles for Cu Tetramer (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3
C35 C36 C 3 7  120.6(9) C32 C37 C40
C32 C37 C36 118.3(7) C36 C37 C40
Angle
122.8 (8 )
118.8(8)
2
3
3
2 3 4
S2
S3
fcu
Crystal data for 3b: Cu« Si 2 Ca 2 Hj b , F.W.-1051.5, triclinic,
space group PI, a-12.792(2), b«12.810(4), c=l3.034(2 )%, 
a- 9 4 . 9 4 ( 2 } , B-103.997 (12> , > “ 98 . 76 { 2 ) 6 , Z-2, dc -1. 719gcnr 3 , 
T=25°C, m (M0 K-1)-26 . 91cm- 1 , 434 variables, l<e<25°, R-0.038 
for 4086 data with I>3 '(I).
Coordinates for 3b
Atom
Cul
X
0.85980(5)
X
0. 10275(6 )
z
0.72821(6)
B(A2 )
4.18(2)
Cu2 0.71521(6} 0.17680(6} 0.83326(6) 4.41(2)
Cu3 0.90413(6) 0.32343(6) 0 .84409(6 ) 3.77(2)
Cu4 0.94140( 6 ) 0.15069(6) 0.95176(6) 3.94(2)
SI 0.6810(1) 0 .0930(1) 0.6649(1) 4.47(4)
S2 0.6168(1) -0.0581(2) 0.68 5 3(1) 5.29(4)
S3 0.6506(1) 0.0408(1) 0.9108(1) 5.11(4)
S 4 0.7506(1 ) 0.3495(1 ) 0.8968(1) 3.73(4)
S5 0.6740(1 ) 0.4212(1 ) 0.7724(1) 4.14(4)
S6 0.86 30(1) 0.3807(1) 0.6851(1) 3.91(4}
S7 1.0604(1) 0.3044(1 ) 0 . 9586(1) 3.50(3)
S8 1.0450( 1) 0.3915(1) 1.0917(1) 3.66(3)
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Coordinates for 3b (cont.)
Atom * Z i 6 (A )
S9 0.8712(1 ) 0.2023(1) 1.0838(1) 3 .60(3 )
S10 0 . 9 37 0(1 } 0.0018(1) 0.8484(1) 4.30(4)
Sll 1.0952 <1) 0 . 0297(1) 0.8361(1) 4.46(4)
SI 2 1.0055(1) 0.1676(1) 0.6729(1) 4.00(4)
Cl 0.610814} -0 . 0 596(5 ) 0.8145(5) 4.3(2)
C2 0.5646(5) -0.1672(5) 0.8365(5) 4.8(2)
C 3 0.6368(6) -0.2360(6) 0.8687(6) 6.6(2)
C4 0.5960(8) -0.3350(6) 0.8916(6) 8.4(3)
C5 0.4855(7) -0. 3632(6 ) 0.8844(6) 8.5(3)
C6 0.4153(7) -0.2933(6) 0.8516(6) 7.6(2)
C7 0.4538(5) -0.1952(5) 0.8276(5) 5.6(2)
C8 0.3761(6) -0.1227(7) 0.7913(6) 7.5(2)
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Coordinates for 3b (cont.)
2
Atom X I z B (A )
C9 0.7492(4) 0.4259(4) 0.6802(4) 3.4(1)
CIO 0.6987(4) 0.4815(5) 0.5895(4) 4.0(1)
Cll 0.7138(5) 0.59 21(5) 0.606 0(5) 5.3(2)
Cl 2 0.6716(6 ) 0.6477(6) 0.5241(6) 7.2(2)
Cl 3 0.6101(6 ) 0.5913(6) 0.4280(6) 6.9(2)
Cl 4 0.5916(5) 0.4834(6) 0.4117(5) 6.1(2)
Cl 5 0.6 366(5 ) 0.4 2 48(5 > 0.4923(5) 4.6(2}
Cl 6 0.6184(6 ) 0.3064(6) 0.4739(6) 6.8(2)
Cl 7 0.9414(4 ) 0.3215(4 ) 1.1342(4 ) 3.3(1)
Cl 8 0.9147(4 ) 0.3848(4) 1.2233(4) 3.5(1)
C19 0.8708(5 ) 0.47 4 4(5) 1.2014(5) 4.4(2)
C20 0.8410(5) 0.5352(6) 1.2806(6) 6.3(2)
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Coordinates for 3b (cont.)
2
Atom x y z B (A )
C21 0.8579(6) 0.5016(6) 1.3801(6 ) 7.4(2)
C22 0.9008(6) 0.4148(7) 1.4027(5) 7.0(2)
C23 0 . 9317(5 ) 0 . 3 516 ( 5 ) 1.32 54(5) 5.1(2)
C24 0 .9821(7 ) 0.2562(7) 1.3548(6) 7.6(2)
C25 1 . 1045(4 ) 0.1147(4 ) 0 . 7440( 4 ) 3.5(1}
C26 1.2194(4 ) 0.1 384 ( 5 ) 0.7350(5) 3.8(1}
C27 1.2979(5) 0.1962(6) 0.8220(5) 5.6(2)
C28 1 . 4051(6 ) 0.2198(7) 0.8192(7) 7.3(2)
C29 1 . 4 3 4 5 ( 5 ) 0.1837(6) 0.7294(6) 6.5(2)
C30 1.3585(5) 0.1259(6) 0.6427(5) 5.8(2 )
C31 1 . 2481(5 ) 0.1025(5) 0.6444(5) 4.5(2)
C32 1 . 1684(6 ) 0.0378(7) 0.5499(6) 7.9(2)
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T a b l e  of B o n d  D i s t a n c e s  in A n a s t t c i s
F o r  Cu -5 ■. CS H ’ 5 3 ' 3
A t o m  1 A t o m  2 D i s t a n c e At o m 1 A t o m 3 D i s t a n c e A t o m  1 A t o m  2
Cul  
c u l  
c u l  
Cu l  
Cul  
Cu l  
Cu2  
Cu 2 
c u l  
Cu 2 
Cu 2 
Cu 3 
c u  3 
Cu 3
Cu 2 
Cu 3 
CU -i
Si 
Si 0 
Si 2 
Cu 3 
Cu 4 
SI 
S 3 
S 4 
Cu 3 
S3 
S 6
2 . 2 8 0 7 ( 9
2 . 9 9 3 ( 1 :
2 . 8 2 5 i l i
2 . 2 1 5 : 2
2 . 2 5 6 ! 2 j
2 . 2 2 8 ( 1 '
2 . 7 9 1 9  ■ 9
3 . 0 1 5 ; 1 ! 
2 . 2 6 8 ( 2 -  
2 . 2 3 7 ( 2 :  
2 . 2 3 2 ' 2
2 . 7 6 1 ■: 1 . 
2 . 2 9 2 ( 1 :  
2 . 2 2 8 ( 1 '
:u 3
5 1 
S 2
5 6
S 9 
S 1 0
S 7 
S 7 
S 3 
S 1 0 
S 2 
Cl  
Cl  
5 5  
C 9 
C 9 
5  8 
Cl  7 
Cl  7 
5 1 1
2 . 2 3 9 1 1 ' 
2 . 2 ’ 3 : 2 
2 . 2 2 2 ■' 1 ' 
; , 2 2 3 ■ 2 : 
2 . 0 3 « ( 2 '■ 
1.706.6: 
1 . 6 3 3 1 6 : 
2.0 3 8';'' 
1 . 7 1 1  5;
1 . 6 3 6 ■ 5 i
2 . 0 3 ' ■ 2 i 
1 . 7 1 6 : 5 !  
1 . 6 4 2 ■ 5 
2.033,.;
S 1 1 
S 1 2 
Cl  
C 2 
C 2 
C 3 
C 3 
C 5 
C 6
C 2 5 
C 2 5
CIO 
CIO 
Cl 1
C 5
CIO 
Ci 1 
Cl  5 
ci;
D i s t a n c e
1 . 7 0 2 ( 5 !
1 . 6 5 0 ( 5 )
1 . 4 9 5 ( 8 !
1 . 3 8 8 ( 9 )
1 . 3 8 2 ( 8 )
1 . 3 8 ( 1 )
1 . 3 8 ( 1 )
1 . 3 8 ( 1 !
1 . 3 6 9 ( 9 !
1 . 4 3 ( 1 !
1 .3 9 7,71 
1 . 3 9 1 ( 8 )  
1 . 3 5 3 ( 7 )  
1 . 3 8 1 ( 9 !
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A t o m  1 A t o m  2 D i s t a n c e
Cl  2 Cl  3 1 . 3 8 ( 1  !
Cl  3 Cl  1 1 . 3 6 ( 1 1
Cl  4 Cl  5 1 . 4  0 6 ( 0 1
CI S  C16 1 . 4 3 8 ( 9 !
C 1 7 CI S 1 . 4 9 5 ( 7 )
CI S  C 19 1 . 3 7 4 ( 7 1
CI S  C 2 3 1 . 4 1 0 1 7 )
N u m b e r s  i n  p a r e n t h e s e s  a r e  e
B o n d  D i s t a n c e s  ( c o n t . )
At o m 1 At o m 2 D i s t a n c e
C19 C2 0  1 . 4 0 0 ( 3 )
C 2 0 C 2 1 1 . 3 8 ( 1 )
C 21 C 2 2 1 . 3  4 ( 1 1
C 2 2 C23 1 . 4 0 6 ( 9 !
C 2 3 C 2 4 1 . 5 0  2 ( 9 !
C 2 5 C2 6 1 . 4  9 01 7]
C 2 6 C2 7 1 . 3  8 7 ( 8 )
e d  s t a n d a r d  d e v i a t i o n s  i n  t h e
At o m 1 At o m 2 D i s t a n c e
C 2 6 C 3 1 1 . 3 8 2 ( 7 )
C27 C 2 8 1 . 3 6 9 ( 8 )
C 2 8 C 2 9 1 . 3 7 8 ( 9 )
C 2 9 C 3 0 1 . 3 7 0 ( 9  f
C 3 0 C 3 1 1 . 4 0 4 ( 7 )
C 3 1 C32 1 . 4 8 4 ( 8 )
l e a s t  s i g n i f i c a n t  d i g i t s .
no
O
T a b l e  of B o n d  A n g l e s  in D e g r e e s
f o r  C u 4  ICS H 7 S 3 i 4
A t o m  1 A t o m  2 A t o m  3 A n g l e  A t o m  1 A t o m  2 A t o m  3 A n g l e
Cu 2 Cu l  Cu 3 5 7 . 7 0 i . 2 )  S 1 0  Cu l  S 1 2  9 9 . 7 2 ( 6 1
C u 2 Cu l  Cu 4 4 5 . 0 7 , 2 !  C u l  Cu2  Cu3  5 4 . 9 7 ( 2 )
Cu 2 C u l  S I  5 2 . 5  3 : 4 ]  Cu l  Cu2  Cu4  5 8 . 1  8 ( 2 )
Cu 2 C u l  S 1 0 9 9 . 3  1 ( 4 1  Cu l  Cu2  S I  5 0 . 8  2 ( 4!
Cu2  Cu l  S 1 2 1 3 8 . 7 8 ( 5 ]  Cu l  Cu2  S3  1 0 6 . 2 1 ' S !
Cu3 Cu l  C u 4 5 6 . 5 8 ( 2 }  C u l  Cu2  S4  1 1 7 . 2 9 ( 4 )
Cu 3 Cu l  S I  9 6 . 3 7 : 5 ]  Cu3  Cu2  Cu4  5 6 . 6 3 ( 2 )
Cu 3 Cu l  S 1 0  1 0 5 . 7 3 ( 5 )  Cu3  C u l  S I  1 0 0 . 9 0 ( 5 )
C u l  Cu l  SI  2 8 2 . 0 1 ( 5 1  C u l  Cu 2 S 3 1 4 2 . 4  5 ( 6 )
Cu 4 Cu l  S I  1 1 5 . 9 4 ( 5 !  C u l  Cu2  S 4 5 2 . 8  8 ( 4  )
Cu 4 Cu l  s 1 0 5 0 . 3 ^ ( 4  1 C u 4 Cu2 S I  1 0 7 . 5  7 ( 5 : ,
Cu 4 Cu l  SI  2 10  1 . 4 9 : 5 )  Cu4 Cu2 S 3 8 7 . 1  1 ( 5 :
S I  C u l  3 1 0 1 2 4 .  4 9 ,8 1 Cu4 Cu2 S 4 9 1 . 0  6 ( 4  '
S I  C u l  S I  2 1 3 3 - 8 9 ( 6 !  S I  C u 2 S 3 9 9 . 1  1 : 6 )
2
4
1
B o n d  A n g 1 e s ( c a n t .
A t o m  1 At o m 2 A t o m 3 A n g l  e O 
H 
*-> 
II 
<
 
11
s  I C u 2 S4 1 3 1 . 3 7 ( 6 ) 5 4
S 3 Cu2 34 1 2 7 . 0 0 ( 6 ) S 4
Cu l Cu 3 Cu2 5 7 . 3 4 ( 2 ) 36
C u l C u l Cu4 5 8 . 6 5 ( 2 ) C u l
C u l Cu 3 S 4 1 0 7 . 8 0 ( 4 ) Cu l
C u l Cu 3 36 8 7 . 3 8 ( 5 ) Cul
c u l Cu l 37 9 5 . 0 5 ( 4 ) Cu l
Cu 2 C u l Cu 4 6 5 . 7 7 ( 3 ) Cu l
Cu 2 C u l 3 4 5 0 . 9 4 ( 4 ) Cu 2
Cu 2 C u l 3 6 10 1 . 6 0 ( 5 ) Cu 2
Cu 2 Cu 3 3 7 1 1 7 . 7 5 ( 5 ) Cu 2
C u 4 Cu l 3 4 9 6 . 5 4 ( 4 1 Cu 2
C u 4 Cu 3 S 6 14 5 . 6 8 ( 5 ) Cu 3
Cu 4 Cu 3 5 7 5 2 . 0 1 ( 4 1 Cu l
A t o m  2 A t o m  3 A n g l e
C u 3 S 6 9 8 , 7 6 ( 5 )
Cu3  S 7 1 2 3 . 0 4 ( 6 )
Cu 3 S 7 1 3 4 . 5  8 i 6 )
Cu4  Cu2 5 6 . 7 5 ( 2 )
Cu4  Cu l  6 4 . 7 7 ( 3 )
Cu4  S 7 9 9 . 0  3 ( 4 )
Cu 4 S 9 1 3 4 . 5 6 ( 5 )
Cu 4 S 1 0  5 1 . 4 1 ( 5 )
Cu4  Cu 3 5 7 . 6  0 ( 2  )
Cu4  S 7 1 0 8 . 7 1 ( 4 )
Cu4 3 9  7 7 . 9 1 ( 4 )
C u 4 3 1 0 9 3 . 5 0 ( 5 )
Cu 4 S 7 5 1 . 9  0 - 4  )
Cu 4 S9  9 4 . 9  5 ( 4  )
242
B o n d  A n g l e s  I c o n t .
At  ora 1 A t o m 2 A t o m 3 A n g l e A t o m 1 A t o m  2 At  ora 3 An g  1 e
Cu 3 Cu 4 5 1 0 11 4 . 7 5 1 5 1 Cu 3 S 7 Cu 4 75 . 19 ! 5 !
S 7 C u 4 5 9 9 8  . 0 2 ( 5 ! Cu 3 S 7 5 8 9 8 . 79 ( 7 !
S 7 C u 4 5 1 0 12  3 , 0 5 ( 6 t Cu 4 S 7 S 8 10 1 . 3 3 ! 7 )
59 Cu4 5 1 0 1 3 8 . 3 7 ( 6 ! S 7 S 8 C1 7 1 0 8 . 0 ( 2 )
Cu l S 1 Cu 2 7 6  . 6 5 ( 5 ! Cu 4 59 C1 7 1 0 5  . 2 i 2 )
Cu l S I 5 2 1 0 3  . 5 2 ( 9 ! Cu l S 1 0 C u 4 78 . 22 ( 5 )
Cu2 SI 52 100 . 4 4 ( 8 ) Cu l 5 1 0 5 1 1 100 . 4 2 ! 7 )
S 1 5 2 Cl 1 0 9 . 1 ( 2 ) C u 4 SI  0 5 1 1 93 ,. 6 5 1 8 ]
c u : S 3 Cl 10 4. . 1 ( 2 ) 5 1 0 S 11 C 2 5 1 0 8  .. 3 1 2 ]
c u : 54 Cu 3 7 6  . 1 9 ( 5 ) Cu 1 S 1 2 C 2 5 1 0 3  . 5 ( 2 ]
Cu 2 S 4 5 5 1 0 4 , . 3 3 ( 7 ) 5 2 Cl 5 3 12 7 , 2 I 3 )
Cu 3 S 4 5 5 1 0 0 . 1 7 ( 7 ! s : Cl C 2 1 1 2 . 7 ; 4 )
5 4 S 5 C9 1 0 8  . 8 ! 2 ! S 3 Cl C 2 1 2 0 .. 1 ( 4 >
Cu 3 S 6 C 9 10 4 . 3 ( 2 ! Cl f- “1V- u C 3 1 1 3  . 0 ■6 !
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A t o m  1 A t o m  2 A t o m  3
Cl  C 2 Cl
C 3 C 2 C 7
C2 C 3 C4
C3 C4 C5
C4 C 5 C 6
C5 C 6 Cl
C2 C 7 C 6
C 2 Cl C 8
C 6 C 7 C 8
S 5 C 9 S 6
S 5 C 9 CI O
5 6 C9 CIO
C 9 CI O Cl  1
C 9 CIO Cl 5
B o n d  A n g l e s  ( c a n t  .
A n g l e  A t o m  1
120  . 4 ( 6 ) Cl  1
121  . 7 ( 6 ! CI O
1 1 8 . . 8 1 7 ) C l l
120 . 0 ! 9 ) Cl  2
1 2 0 . 1 ( 8 ) Cl  3
120 . 9 ( 8 ) CI O
1 1 8 . . 6 ( 7 ] CI O
1 2 1 . 9 ! 6 ) Cl  4
1 1 9  . 6 i 7 ) S3
1 2 7  . 7 1 3 ) S 8
1 1 0 .. 8 I 4 ) S 9
12 1 . 5 ( 4 ) Cl  7
1 1 7 . 7 i 5 ! Cl  7
1 2 1 . 4 5 ) Cl  9
A t o m  2 A t o m  3 A n g l e
CI O Cl  5 1 2 0  . 9 ( 6  !
C l l  C 12  1 2 0 . 1 ( 6 )
C 1 2 C13  1 1 8 . 8 ( 7 )
C 13 Cl  4 1 2 1 . 8 ( 7 ]
C1 4  Cl  5 1 2 0 . 7 ( 7 ]
Cl  5 Cl  4 1 1 7 . 6 ( 6 ]
C 15 C 16  1 2 1 . 5 ( 6 )
C 15 C 16  12  0 . 9 ( 6 '
C 17 3 9  1 2 7 . 0 ( 3 !
C 17 CI S  1 1 1 . 9 ( 4 1
CI 7 C13  1 2 1 . 0 ( 4 )
C 18 C 1 9 1 1 7 . 3 ( 5 )
CI S  C 2 3 1 2 0 . 7 ( 5 '
CI S  C 2 3 12 1 . 4 ' 5  '
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B o n d  A n g l e s  ( c o n t
A t o m  1 A t o m  2 A t o m  3 A n g l e  A t o m !  A t o m  2 A t o m  3
Cl  3 C1 9 C2 0 1 2 0  . 6 ( 6 ) C2 5 C2 6 C 2 7
Cl  9 C 2 0 C 2 1 1 1 7  . 3 ) 7 ) C 2 5 C2 6 C 3 1
C20 C 2 1 C 2 2 122 . 8 ( 7 ) C 2 7 C2 6 C 3 1
€ 2 1 C 2 2 C 2 3 12 1 . 6 ; 7 i C 2 6 C 2 7 C 2 3
CI S C 2 3 C 2 2 1 1 6 . 3 ( 7 ) C 2 7 C2 8 C2 9
Cl  9 C 2 3 C2 4 1 2 3 . a ■ 6 ) C 2 6 C2 9 C3 0
C2 2 C 2 3 C2 4 1 1 9 . 9 ( 7 ) C2 9 C 3 0 C31
£ 11 C2 5 5 1 2 1 2 7  . 6 ( 3 ! C 2 6 C3 1 C 3 0
S I  1 C 2 5 C 2 6 1 1 0 . 0 ( 4 ) C 2 6 C 3 1 C 3 2
S 1 2 C2 5 C 2 6 1 2 2  .. 4 ( 4 ! C3 0 C 3 1 C 3 2
N u m b e r s  i n  p a r e n t h e s e s  a t e  e s t i m a t e d  s t a n d a r d  d e v i a t i o n s  i n  
t h e  l e a s t  s i g n i f i c a n t  d i g i t s .
A n g l e
1 1 1 . 6  51
12 1.1 5 |
12 0 . 1 ; 5  l 
1 2 0 . f - 6 I 
1 1 9 . 2 ( 7 )  
1 2 1 . 3 ( 6 )  
119.9(6) 
119.4(6! 
1 2  3 . 1 ( 6 )  
119.4(6)
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2^6
Crystal data for 4a: AuSiPCs t Kj: , F.W.=626.5, monoclinic,
space group P2i/c, a = 1 9 .7028(10), b » 1 2 .5068(14), 
c = 1 8 .784(2)£, e-93.314(8)°, Z-8 , d c- 1 . 801gcm-3 , T=18°C,
M M o K u )=66.08cnr 1 , 542 variables, 1<6<25°, R = 0 .031 for 5062
data with I > 3 -.i (I ) .

Tobl® : Coord moles for fiu S2 P C26 H22
Atom it y 2 fttom X y z
Pul 0 .2 7132 (1 ) 0 .10698 (2 ) 0 .39770 (1 ) C23 0 .4 9 4 5 (4 ) 0 .2 3 4 9 ( 6 ) 0 .4 7 0 7 (4 )
Au2 0 .20968 (1 ) 0 .5 9002 (2 ) 0 .5 9195 (1 ) C24 0 .5 5 2 0 (4 ) 0 .1 7 6 9 ( 7 ) 0 .4 6 5 2 (4 )
SI 0 .1 8 7 7 ( 1 ) 0 .1 1 3 0 ( 2 ) 0 .4 0 0 0 ( 1 ) C25 0 .5 5 4 5 (4 ) 0 .0 9 1 4 ( 7 ) 0 .4 196 (5 )
S2 0 .2 5 3 9 ( 1 ) - 0 . 0 9 0 3 ( 2 ) 0 .5 0 0 4 ( 1 ) C26 0 .4 9 6 3 (3 ) 0 .0 6 5 2 ( 6 ) 0 .3 7 7 9 (4 )
S3 0 .2 8 6 9 ( 1 ) 0 .6 2 0 7 ( 2 ) 0 .5 0 5 3 ( 1 ) C27 0 .3 0 0 9 (3 ) 0 .5 013 (5 ) 0 .4 8 3 3 (3 )
S4 0 .2 8 1 0 ( 1 ) 0 .3 9 1 6 ( 2 ) 0 .5 200 (1 ) C28 0 .3 5 6 0 (3 ) 0 .4 958 (5 ) 0 .4 2 4 5 (3 )
PI 0 .36025 (8 ) 0 .0 961 (2 ) 0 .3 2 7 6 6 ( 9 ) C29 0 .4 2 3 7 (3 ) 0 .5 231 (6 ) 0 .4 3 7 0 (3 )
P2 0 .1 2 6 0 1 (9 ) 0 .5 6 7 2 (2 ) 0 .6 6 7 0 8 (9 ) C30 0 .4 6 9 3 (3 ) 0 .5 160 (6 ) 0 .3 8 6 1 (4 )
Cl 0 .1 9 7 2 ( 3 ) - 0 .0 0 8 6 ( 6 ) 0 .5 2 0 6 ( 3 ) C31 0 .4 470 (3 ) 0 .4 817 (6 ) 0 .3 1 8 9 (4 )
C2 0 .1 4 9 1 ( 3 ) - 0 .0 3 0 6 ( 5 ) 0 .5 7 7 5 ( 3 ) C32 0 .3 886 (3 ) 0 .4 560 (6 ) 0 .3 0 4 4 (3 )
C3 0 .0 802 (3 ) - 0 .0 1 1 2 ( 6 ) 0 .5 6 2 9 ( 4 ) C33 0 .3 328 (3 ) 0 .4 6 2 5 ( 5 ) 0 .3 5 7 0 (4 )
C4 0 .0 3 3 6 ( 3 ) - 0 . 0 2 0 6 ( 7 ) 0 .6 1 2 7 ( 4 ) C34 0 .2 603 (4 ) 0 .4 2 9 8 ( 7 ) 0 .3 3 0 8 (4 )
C5 0 .0 5 5 0 ( 4 ) - 0 . 0 6 4 4 ( 7 ) 0 .6 7 9 9 ( 4 ) C35 0 .0 4 4 4 ( 3 ) 0 .5 0 9 5 ( 6 ) 0 .6 222 (3 )
C6 0 .1 220 (4 ) - 0 . 0 8 3 0 ( 6 ) 0 .6 9 5 4 ( 3 ) C36 0 .0 3 4 7 ( 4 ) 0 .6 8 0 7 ( 6 ) 0 .5 8 0 0 (4 )
C7 0 .1 706 (3 ) - 0 .0 6 7 4 ( 5 ) 0 .6 4 6 1 ( 3 ) C37 - 0 . 0 2 7 2 ( 4 ) 0 .7 000 (7 ) 0 .5 454 (4 )ce 0 .2 441 (4 ) - 0 .0 9 0 0 ( 7 ) 0 .6 6 0 4 ( 4 ) C38 - 0 . 0 8 0 7 ( 4 ) 0 .6 311 (7 ) 0 .5 512 (4 )
C9 0 .3 697 (3 ) - 0 .0 3 7 8 ( 5 ) 0 .2 922 (3 ) C39 - 0 .0 7 2 2 ( 4 ) 0 .5 422 (7 ) 0 .5 9 1 3 ( 5 )cie 0 .3 724 (4 ) - 0 .  1227(6) 0 .3 4 0 0 ( 4 ) C40 - 0 .0 0 9 6 ( 4 ) 0 .5 211 (6 ) 0 .6 2 6 3 ( 4 )
Cll 0 .3 804 (4 ) - 0 .2 2 6 5 ( 6 ) 0 .3 1 6 8 ( 4 ) C41 0 .1 279 (3 ) 0 .6 4 6 3 ( 5 ) 0 .7 4 0 4 ( 3 )
C12 0 .3 031 (3 ) - 0 .2 4 5 9 ( 6 ) 0 .2 450 (4 ) C42 0 .0 6 9 4 ( 3 ) 0 .6 7 1 0 ( 6 ) 0 .7 015 (4 )
C13 0 .3 709 (4 ) - 0 . 1 6 4 1 ( 6 ) 0 .1 9 7 6 (4 ) C43 0 .0 731 (3 ) 0 .7 237 (7 ) 0 .8 453 (4 )C14 0 .3 723 (3 ) - 0 . 0 6 0 3 ( 6 ) 0 .2 210 (4 ) C44 0 .1 354 (4 ) 0 .7 513 (7 ) 0 .8 700 (4 )
C15 0 .3 631 (3 ) 0 .1 0 3 7 ( 5 ) 0 .2 507 (3 ) C45 0 .1 939 (4 ) 0 .7 2 7 0 ( 7 ) 0 .0 4 4 7 ( 4 )
C1G 0.4 242 (3 ) 0 .2 1 1 6 ( 6 ) 0 .2 2 2 9 (4 ) C46 0 .1 902 (3 ) 0 .6 7 4 5 ( 6 ) 0 .7 0 0 0 ( 4 )
C 17 0 .4 243 (3 ) 0 .2 7 4 0 ( 6 ) 0 .1 6 1 7 (4 ) C47 0 .1 249 (3 ) 0 .4 3 0 1 ( 5 ) 0 .6 9 8 3 ( 3 )
C 19 0 .3 642 (4 ) 0 .3 0 4 2 ( 6 ) 0 .1 2 7 3 (4 ) C48 0 .1 217 (3 ) 0 .4 0 2 4 ( 6 ) 0 .7 6 9 4 ( 4 )
C 19 0 .3 034 (4 ) 0 .2 7 6 4 ( 6 ) 0 .1 5 4 8 (4 ) C49 0 .1 1 8 0 (4 ) 0 .2 9 6 5 ( 6 ) 0 .7 8 7 0 ( 4 )
C20 0 .3024 (3 ) 0 .2 1 6 4 ( 6 ) 0 .2 1 5 9 (3 ) C50 0 .1 1 8 3 ( 4 ) 0 .2 1 7 3 ( 6 ) 0 .7 3 9 0 ( 5 )C21 0 .4376 (3 ) 0 .1 2 3 7 ( 5 ) 0 .3 8 1 4 (3 ) C51 0 .1 2 2 0 ( 4 ) 0 .2 434 (6 ) 0 .6 6 8 5 ( 4 )
C22 0 .4367 (4 ) 0 .2 0 9 0 ( 6 ) 0 .4 287 (4 ) C52 0 .1 2 6 1 ( 3 ) 0 .3 488 (6 ) 0 .6 478 (4 )
ro
4a Selected Distances
Atom 1 Atom 2 Distances
Aul SI 2.324(2)
Aul S2 3.240(3)
Aul PI 2.256(2)
Au2 S3 2.323(2)
Au2 S4 3.277(3)
Au2 P2 2.252(2)
SI Cl 1.708(7)
S2 Cl 1.643(6)
S3 C27 1.709(6)
S4 C27 1.639(6)
PI C9 1.815(6)
PI C15 1.818(6)
PI C21 1.812(6)
P2 C35 1.807(6)
P2 C41 1.819(6)
P2 C47 1.813(6)
Cl C2 1.495(8)
C27 C28 1.484(8)
SI S2 2.963(3)
S3 34 2.981(3)
to
4a Selected Angles
Atom 1 Atom 2 Atom 3 Angle
SI Aul S2 61.79(7)
S3 Au2 S4 61.58(7)
SI Aul PI 173.92(6)
S3 Au2 P2 174.33(6)
S2 Aul PI 114.30(6)
S4 Au2 P2 118.10(7)
Aul SI Cl 101.74(21)
Au2 S3 C27 101.61(22)
Aul S2 Cl 72.2(3)
Au2 S4 C27 71.0(3)
Aul PI C9 111.68(19)
Aul PI Cl 5 119.27(19)
Aul PI C21 108.62(20)
Au2 P2 C35 110.18(21)
Au2 P2 C41 117.31(20)
Au2 P2 C47 113.19(20)
C9 PI Cl 5 104.83(28)
C9 PI C21 106.25(28)
C15 PI C21 105.32(26)
C35 P2 C41 105.96(27)
C35 P2 C47 105.18(30)
C41 P2 C47 104.06(28)
SI Cl S2 124.32(38)
S3 C27 S4 125.83(37)
r*o
2 5 1
pe
ca
C7 C8
ce
82
.Pi
Crystal data for 4b: AgS 2 PaC« 4 H a t ■ C*H« , F . W . = 8 7 7 . 8 ,
triclinic, space group Pl\ a=13.0 7 0 ( 2 ) ,  b - 1 3 .2572(11), 
c-15.718(3)X, a-64.56(l), £3-69.75(1), >-65.97(1)°, Z - 2 , 
dc =1.327gem- 3 , T-23° C , u(MoKa)=6 -4 8cm~1 , 467 variables,
1 < ! ' < 2 5 ° ,  R = 0 . 0 3 7  for 6 2 0 7  data with I>3u(I).
Table of Poaltlonal Parameters and Their Eatiaated Standard Devlationg
Atoa X I z
Ag 0.05841(2) 0.40629(2) 0.26889(2) 3.897(7)
SI 0.17651(9) 0.22274(8) 0.20895(6) 4.45(3)
32 0.17805(8) 0.22234(8) 0.39507(6) 4.42(3)
PI -0.14941(7) 0.43873(7) 0.31518(6) 3.40(2)
P2 0.14275(7) 0.56802(7) 0.18559(6) 3.49(2)
Cl 0.2231(3) 0.1567(3) 0.3125(2) 3.52(9)
C2 0.3021(3) 0.0343(3) 0.3317(3) 4.7(1)
C3 0.2637(5) -0.0484(3) 0.3235(3) 6.9(2)
C4 0.3327(6) -0.1645(4) 0.3432(4) 9.2(2)
C5 0.4340(5) -0.1970(5) 0.3680(4) 9.6(2)
C6 0.4733(5) -0.1204(5) 0.3746(4) 8.9(2)
C7 0.4044(4) -0.0015(4) 0.3572(3) 6 .6 (2 )
C 8 0.4499(4) 0.0762(5) 0.3625(4) 9.0(2)
C9 -0.2176(3) 0.5417(3) 0.2135(2) 3.43(8)
Table of Positional Parameters and Their Estimated Standard Devlationg (cont.)
Atoa X 2 2 B(A2 )
CIO -0.2946(3) 0.6504(3) 0.2117(3) 4.4(1)
Cll -0.3342(4) 0.7285(3) 0.1280(3) 5.7(1)
C12 -0.2986(3) 0.6986(3) 0.0474(3) 5.4(1)
C13 -0.2235(3) 0.5895(3) 0.0490(3) 5.3(1)
C14 -0.1822(3) 0.5112(3) 0.1311(3) 4.5(1)
C15 -0.2295(3) 0.5010(3) 0.4110(2) 3.86(9)
C16 -0.3186(3) 0.4655(3) 0.4815(3) 5.2(1)
C17 -0.3750(4) 0.5164(4) 0.5527(3) 6.5(1)
CIS -0.3438(4) 0.6033(4) 0.5536(3) 6 .6 (1 )
C19 -0.2563(4) 0.6398(3) 0.4831(3) 6.3(1)
C20 -0.1974(3) 0.5882(3) 0.4128(3) 5.1(1)
C21 -0.1908(3) 0.3084(3) 0.3510(2) 3.53(9)
C22 -0.2906(3) 0.3124(3) 0.3352(3) 4.7(1)
C23 -0.3169(3) 0.2094(3) 0.3641(3) 5.7(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atoa X I z B<A2 }
C24 -0.2446(4) 0.1033(3) 0.4091(3) 5.6(1)
C25 -0.1466(4) 0.0986(3) 0.4257(3) 5.5(1)
C26 -0.1175(3) 0.2012(3) 0.3954(3) 4.5(1)
C27 0.1193(3) 0.6581(3) 0.0639(2) 3.60(9)
C28 0.1989(3) 0.7081(3) -0.0088(3) 5.1(1)
C29 0.1755(4) 0.7752(3) -0.1000(3) 5.7(1)
C30 0.0748(4) 0.7911(3) -0.1194(3) 5.4(1)
C31 -0.0046(4) 0.7421(4) -0.0482(3) 5.8(1)
C32 0.0183(3) 0.6752(3) 0.0430(3) 4.9(1)
C33 0.2976(3) 0.5252(3) 0.1721(2) 3.94(9)
C34 0.3523(3) 0.5917(3) 0.1767(3) 6 .1 (1 )
C35 0.4710(3) 0.5554(4) 0.1620(3) 7.2(1)
C36 0.5341(3) 0.4546(4) 0.1424(3) 6 .6 (1 )
C37 0.4814(4) 0.3872(4) 0.1382(4) 6.5(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
X I 2 b <a 2 >
C38 0.3629(3) 0.4213(3) 0.1549(3) 5.0(1)
C39 0.0861(3) 0.6719(3) 0.2496(2) 3.99(9)
C40 0.0866(4) 0.6274(3) 0.3465(3) 5.6(1)
C41 0.0443(4) 0.7018(4) 0.3996(3) 7.0(1)
C42 -0.0013(5) 0.8178(4) 0.3579(3) 8.6(2)
C43 -0.0036(7) 0.8624(4) 0.2631(4) 10.8(3)
C44 0.0415(5) 0.7891(4) 0.2089(3) 7.7(2)
CIS 0.2302(8) 1.0187(8) 0.9160(7) 15.8(3)*
C2S 0.2114(7) 0.9940(7) 1.0054(6) 13.8(3)*
C3S 0.2860(7) 0.9511(7) 1.0589(6) 14.6(3)*
C4S 0.411(1) 0.9240(9) 1.0075(0) 19.8(4)*
C5S 0.4242(7) 0.9284(6) 0.9105(6) 12.9(2)*
C6S 0.3424(7) 0.9755(7) 0.0716(6) 14.0(3)*
atoms were refined laotropically.
The equivalent Isotropic thermal parameter, for atoma refined
anlaotroplcally, la defined by the equationi 
4 2 2 2
jCa + b Bjj + c B ^  + abBjjCOSf + acB^^coaB + bcB^coaa 3
Table of Bond Distances In Angstrons
Atom 1 Atoa 2 Distance
II II H M H II v sasss iiiiH11IIIIIIn
Ag SI 2.664(1)
Ag S2 2.6855(8)
Ag PI 2.4580(9)
Ag P2 2.458(1)
si Cl 1.678(4)
S2 Cl 1.677(4)
PI C9 1.825(3)
PI CIS 1.622(4)
PI C21 1.819(4)
P2 C27 1.B23(3)
P2 C33 1.825(3)
P2 C39 1.817(4)
Cl C2 1.490(4)
C2 C3 1.444(8)
Aton 1 Atoa 2 Distance
ii ii ti ii ii ii s s b a a 8 HIINHIIItIIII
C2 C7 1.366(7)
C3 C4 1.390(6)
C4 C5 1.36(1)
C5 C6 1.36(1)
C6 C7 1.419(7)
C7 C8 1.43(1)
C9 CIO 1.376(4)
C9 C14 1.392(6)
CIO Cll 1.392(5)
Cll C12 1.361(7)
C12 C13 1.373(5)
C13 C14 1.382(5)
C15 C16 1.381(5)
C15 C20 1.394(7)
Bond Distances (cont.)
Atom 1 Atom 2 Distance
===?*■ *===== sx======
C16 C17 1.387(7)
C17 CIS 1.377(9)
CIS C19 1.372(6)
C19 C20 1.383(6)
C21 C22 1.386(6)
C21 C26 1.389(4)
C22 C23 1.390(6)
C23 C24 1.378(5)
C24 C25 1.365(8)
C25 C26 1.400(6)
C27 C20 1.384(5)
C27 C32 1.377(6)
C28 C29 1.389(6)
C29 C30 1.366(8)
Atom 1 Atom 2 Distance
IIHItIIIIII H II » 11 II H
C30 C31 1.367(6)
C31 C32 1 .3 8 6 (5)
C33 C34 1.378(7)
C33 C38 1.378(5)
C34 C35 1.390(6)
C35 C36 1.358(7)
C36 C37 1.363(9)
C37 C38 1.386(6)
C39 C40 1.378(5)
C39 C44 1.353(5)
C40 C41 1.385(7}
C41 C42 1.345(6)
C42 C43 1.354(8)
C43 C44 1.383(8)
t_T-Vj
Bond Distances (cont.)
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
C X S * 3S * ■ * s e s * ii H H II II II n ll ====== ====== ii ii ii ii n n ii ii
CIS C2S 1.25(1) C3S C4S 1.52(1)
CIS C6 S 1.38(1) C4S C5S 1.45(2)
C2S C3S 1.30(1) C5S C6 S 1 .2 2 (1 )
Table of Bond Angles In Degrees
Atoa 1
aeaasa
Atoa 2
a C C 3 X a
Atoa 3 Angle
133SS
31 Ag S2 66.43(3)
31 Ag PI 113.62(4)
31 Ag P2 113.26(3)
32 Ag PI 114.61(3)
32 Ag P2 113.06(4)
PI Ag P2 122.73(3)
Ag SI Cl 86.2(1)
Ag S 2 Cl 85.5(1)
Ag PI C9 110.7(1)
Ag PI CIS 117.3(1)
Ag PI C21 114.5(1)
C9 PI CIS 103.9(1)
C9 PI C21 104.1(2)
C15 PI C21 105.1(2)
Atoa 1 Atoa 2 Atoa 3
B8t:==
Angle
Ag P2 C27 116.1(1)
Ag P2 C33 115.5(1)
Ag P2 C39 111.9(1)
C27 P2 C33 103.9(1)
C27 P2 C39 104.3(1)
C33 P2 C39 103.9(2)
SI Cl S2 121.7(2)
SI Cl C2 117.0(3)
S2 Cl C2 120.4(3)
Cl C2 C3 116.0(4)
Cl C2 C7 123.B(5)
C3 C2 C7 120.2(4)
C2 C3 C4 118.4(6)
C3 C4 C5 119.8(7)
(\oLT
Bond Angles (cont.)
Atoa 1
aaaaaa
Atom 2
a«3=t;
Atom 3
aarssz
Angle Atom 1 Atom 2
s a s s s s
Atom 3
s 9 a a s e
Angle
= = 9X S
C4 C5 C 6 123.0(5) PI C15 C20 117.5(2)
C5 C 6 C7 119.0(6) C16 C15 C20 119.1(4)
C2 C7 C 6 119.5(6) C15 C16 C17 120.2(5)
C2 C7 C 8 123.2(4) C16 C17 CIS 120.6(4)
C6 C7 C 8 117.2(5) C17 C18 C19 119.4(4)
PI C9 CIO 123.5(3) C18 C19 C20 120.8(5)
PI C9 C14 117.4(2) C15 C20 C19 120.0(4)
CIO C9 C14 118.9(3) PI C21 C22 122.9(2)
C9 CIO Cll 120.0(4) PI C21 C26 117.4(3)
CIO Cll C 1 2 120.9(3) C22 C21 C26 119.7(4)
Cll C12 C13 119.5(4) C21 C22 C23 120.0(3)
C12 C13 C14 120.4(4) C22 C23 C24 120.2(5)
C9 C14 C13 120.3(3) C23 C24 C25 120.4(4)
PI C15 C16 123.5(4) C24 C25 C26 120.3(3)
0
9
c
Bond Angles (cont.)
Aton 1 Atoa 2 Aton 3 Angle
B s tt B B B s s b b b b ItlISS * a s s a
C21 C26 C25 119*5(4)
P2 C27 C28 123.2(3)
P2 C27 C32 118.2(2)
C2B C27 C32 118.5(3)
C27 C28 C29 120.1(4)
C28 C29 C30 120.5(4)
C29 C30 C31 120.0(4)
C30 C31 C32 119.7(5)
C27 C32 C31 121.1(3)
P2 C33 C34 123.6(3)
P2 C33 C38 117.9(4)
C34 C33 C38 118.5(3)
C33 C34 C35 120.3(4)
C34 C35 C36 1 2 0 .2 (6 )
Aton 1 Aton 2 Aton 3 Angle
S a 3 S S S == = = = = s b s s s s ■ BBSS
C35 C36 C37 120.3(4)
C36 C37 C3B 119.9(4)
C33 C3B C37 120.7(5)
P2 C39 C40 117.5(3)
P2 C39 C44 124.4(3)
C40 C39 C44 118.1(4)
C39 C40 C41 120.4(3)
C40 C41 C42 120.4(4)
C41 C42 C43 119.8(5)
C42 C43 C44 120.2(4)
C39 C44 C43 121.1(4)
C2S CIS C 6 S 116.2(9)
CIS C2S C3S 127.7(B)
C2S C3S C4S 116.2(9)
261
Bond Angles (cont.)
AtOB 1
K 3 B B I I
At O B  2 Atom 3
* S fi X s *
Angle
C3SSS
Aton 1
=33=3*
At o b  2 Ato b  3 Angle
C3S C4S C5S 1 1 1 (1 ) CIS C6 S CSS 125(1)
C4S CSS C6 S 120.9(7)
262
Crystal data for 4c: CuSa Ps C< < Ha t - 1/2CS> , F.W.=793.5,
triclinic, space group PI, a=12.768(3), b=12.928(4), 
c*16.5 7 7 <4)£, a = 5 8 .45(2), p-61.07(2), y =65.15(2>*, 2*2 
dc =1 . 325gcrrr 3 , T=24°C, u (MoKu) =8 . lOcnr 1 , 457 variables
1< 0 < 26° , R = 0 .041 for 4234 data with I>3n(I).
Table of Positional Parameters and Their Estimated Standard Deviations
Atom X I 2 B(A2 )
Cu 0.30316(4) 0.13103(4) 0.23512(3) 3.73(1)
SI 0.34586(0) -0.06601(9) 0.37265(7) 4.23(3)
S2 0.52439(8) 0.06072(9) 0.18534(7) 4.16(3)
PI 0.24115(8) 0.29803(8) 0.27011(6) 3.50(3)
P2 0.21108(8) 0.10044(B) 0.16527(6) 3.51(3)
Cl 0.4930(3) -0.0606(3) 0.2978(2) 3.5(1)
C2 0.59610) -0.160213) 0.3314(2) 3.6(1)
C3 0.683813) -0.1209(3) 0.3295(3) 4.8(1)
C4 0.783313) -0.2071(4) 0.3591(3) 6 .1 (2 )
C5 0.7932(4) -0.3309(4) 0.3897(3) 6.3(2)
C6 0.7072(4) -0.3703(4) 0.3920(3) 5.8(2)
C7 0.6055(3) -0.2862(3) 0.3641(2) 4.4(1)
C0 0.5170(4) -0.3354(4) 0.3654(3) 6.4(2)
Table of Positional Parameters and Their Estimated Standard Deviations tcont.)
Atom X 1 z B(A2 )
C9 0.3433(3) 0.3090(3) 0.3120(2) 3.8(1)
CIO 0.4023(3) 0.2004(3) 0.3727(3) 4.8(1)
Cll 0.4762(3) 0.2044(4) 0.4085(3) 5.7(1)
Cl 2 0.4981(3) 0.3163(4) 0.3813(3) 6.5(1)
C13 0.4407(4) 0.4239(4) 0.3215(3) 7.4(1)
C14 0.3631(3) 0.4214(3) 0.2865(3) 5.7(1)
C15 0.2326(3) 0.4444(3 ) 0.1590(2) 3.9(1)
C16 0.3360(4) 0.4543(4) 0.0727(3) 5.5(1)
C17 0.3375(4) 0.5596(4) -0.0155(3) 6 .6 (2 )
C10 0.2356(4) 0.6548(4) -0.01B4(3) 6.5(2)
C19 0.1315(4) 0.6457(4) 0 . 0653(3) 6 .2 (2 )
C20 0.1306(3) 0.5405(3) 0.1551(3) 4.7(1)
C21 0.0913(3) 0.3147(3) 0. 3674(2) 3.7(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X 1 z B(A2 )
C22 0.0709(3) 0.3429(3) 0.4447(3) 4.7(1)
C23 -0.0418(4) 0.3429(4) 0.5219(3) 5.9(2)
C24 -0.1353(4) 0.3158(4) 0.5224(3) 5.8(2)
C25 -0.1177(3) 0.2902(4) 0 .4453(3) 5.5(1)
C26 -0.0048(3) 0.2883(3) 0.3689(3) 4.6(1)
C27 0.0511(3) 0.0936(3) 0.2440(2) 3.6(1)
C28 0.0274(3) 0.0159(3) 0.3456(3) 4.5(1)
C29 -0.0906< 3) 0.0057(4) 0.4109(3) 5.2(1)
C30 -0.1867(3) 0.0744(4) 0.3757(3) 6 .1 (2 )
C31 -0.1660(3) 0.1520(5) 0.2757(3) 6.9(2)
C32 -0.0467(3) 0.1621(4) 0.2095(3) 5.2(1)
C33 0.2742(3) -0.0465(3) 0.1500(2) 3.8(1)
C34 0.2013(3) -0.1118(3) 0.1629(3) 5.9(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X 'L z B(A2)
C35 0.2545(4) -0.2171(4) 0.1419(3) 7.3(2)
C36 0.3797(4) -0.2573(3) 0.1090(3) 6 .2 (2 )
C37 0.4525(4) -0.1957(4) 0.0986(3) 5.8(2)
C30 0.4003(3) -0.0904(3) 0.1194(3) 4.6(1)
C39 0.2012(3) 0.215713) 0.0410(2) 3.6(1)
C40 0.219013) 0.1854(3) -0.0336(3) 4.9(1)
C41 0.2094(4) 0.2778(4) -0.1251(3) 6.4(2)
C42 0.1827(4 ) 0.4008(4) -0.1437(3) 6.3(2)
C43 0.1652(4) 0.432B(4) -0.0716(3) 6.3(2)
C44 0.174514) 0.3403(4) 0.0214(3) 5.5(1)
SIS 0.8896(2) -0 .0 1 0 0 (2 ) 0.0950(1) 9. 92(7)
CIS 1 0 0 6 .0 (2 )
The equivalent inotropic thermal parameter, for atoms refined
anisotropically, is defined by the equation*.
4 2 2 2
jCa + b Bjj + c B ^  + abB^2 cos> + acB^^coaB + bcB^^cosa 1 2
6
7
Table of Bond Distances in Angstroms
Atom 1
3 S S X s s
Atom 2 Distance Atom 1 Atom 2 Distance
Cu SI 2.437 <1) C2 C7 1.392(5)
Cu S2 2.420(1) C3 C4 1.391(5)
Cu PI 2.248(1) C4 C5 1.369(6)
Cu P 2 2.251(1) C5 C6 1.371(6)
SI Cl 1.685(3) C6 C7 1.396(5)
S2 Cl 1.686(3) C7 C 8 1.498(5)
PI C9 1.828(3) C9 CIO 1.384(5)
PI C15 1.833(3) C9 C14 1.384(5)
PI C21 1.828(3) CIO Cll 1.38B(5)
P2 C27 1.826(3) Cll C12 1.370(6)
P2 C33 1.829(3) C12 C13 1.363(6)
P2 C39 1.834(3 ) C13 C14 1.386(5)
Cl C2 1.495(4) C15 C16 1.389(5)
C2 C3 1.393(5) Cl 5 C20 1.371(5) 268
Bond Distances (cont.)
Atom 1 Atom 2 Distance
3=E=== iiiiiiHIIII
C16 C17 1.380(6)
C17 CX8 1.365(6)
CIS C19 1.372(6)
C19 C20 1.394(5)
C21 C22 1.388(5)
C21 C26 1.391(4)
C22 C23 1.388(5)
C23 C24 1.374(6)
C24 C25 1.377(6)
C25 C26 1.385(5)
C27 C28 1 .389(5)
C27 C32 1.380(4)
C28 C29 1.378(5)
C29 C30 1.367 < 5)
SIS CIS 1.509(2)
Atom 1 Atom 2 Distance
C30 C31 1.372(5)
C31 C32 1.394(5)
C33 C34 1.379(5)
C33 C38 1.384(5)
C34 C35 1.388(5)
C35 C36 1.370(6)
C36 C37 1.360(6)
C37 C39 1.386(5)
C39 C40 1.376(5)
C39 C44 1.384(5)
C40 C41 1.380(5)
C41 C42 1.368(6)
C42 C43 1. 353(6)
C43 C44 1. 395(5)
6 
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Table of Bond Angles in Degrees
Atom 1 Atom 2 Atom 3 Angle
SI Cu S2 73.71(3)
SI Cu PI 113.49(4)
SI Cu P2 107.35(4)
S2 Cu PI 110.57(4)
S2 Cu P2 116.34(4)
PI Cu P2 124.20(4)
Cu SI Cl 83.1(1)
Cu S2 Cl 03.6(1)
Cu PI C9 115.1(1)
Cu PI C15 1 1 2 .0 (1 )
Cu PI C21 116.6(1)
C9 PI C15 103.3(2)
C9 PI C21 103.3(2)
C15 PI C21 105.2(2)
Atom 1 Atom 2 Atom 3 Angle
Cu P2 C27 111.3(1)
Cu P2 C33 115.9(1)
Cu P2 C39 118.9(1)
C27 P2 C33 102.7(2)
C27 P2 C39 103.3<1)
C33 P2 C39 1 0 2 .8 (2 )
SI Cl S2 119.6(2)
SI Cl C2 120.7(2)
S2 Cl C2 119.6(2)
Cl C2 C3 116.5(3)
Cl C2 C7 122.8(3)
C3 C2 C7 120.7(3)
C2 C3 C4 120.5(4)
C3 C4 C5 118.7(4) 27
0
Bond Angles (cont
Atom 1 Atom 2 Atom 3 Angle Atom
C4 C5 C6 121.3(4) PI
C5 C6 C7 121.4(4) C16
C2 C7 C6 117.5(4) C15
C2 C7 CB 123.8(3) C16
C6 C7 C 8 118.6(4) Cl 7
PI C9 CIO 118.6(3) C18
PI C9 C14 122.7(3) C15
CIO C9 C14 118.7(3) PI
C9 CIO Cll 120.6(4) PI
CIO Cll C12 119.9(4) C22
Cll C12 C13 120.0(4) C21
C12 C13 C14 120.6(4) C22
C9 C14 C13 120.1(4) C23
PI CIS C16 116,5(3) C24
Atom 2 Atom 3 Angle
C15 C20 124.5(3)
C15 C20 119.0(3)
C16 Cl 7 120.9(4)
Cl 7 C18 119.6(4)
C18 C19 120.4(4)
C19 C20 120.0(4)
C20 C19 120.0(4)
C21 C22 123.213)
C21 C26 118.4(3)
C21 C26 118.1(3)
C22 C23 120.8(4)
C23 C24 120.2(4)
C24 C25 119.9(4)
C25 C26 120.0(4)
'■‘4
Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C21 C26 C25 121.0(4) C34 C35 C36 120.1(4)
P2 C27 C28 117.2(3) C35 C36 C37 120.3(4)
P2 C27 C32 124.3(3) C36 C37 C38 120.1(4)
C28 C27 C32 118.5(3) C33 C38 C37 120.4(3)
C27 C28 C29 121.3(3) P2 C39 C40 123.8(3)
C28 C29 C30 119.6(4) P2 C39 C44 117.8(3)
C29 C30 C31 120.4(4) C40 C39 C44 118.4(3)
C30 C31 C32 120.1(4) C39 C40 C41 120.3(4)
C27 C32 C31 120.1(3) C40 C41 C42 120.8(4)
P2 C33 C34 1 2 2 .5(3) C41 C42 C43 119.8(4)
P2 C33 C30 118.6(3) C42 C43 C44 119.9(4)
C34 C33 C30 118.9(3) C39 C44 C43 120.7(4)
C33 C34 C35 120.2(4)
Numbers in parentheses are estimated standard deviations in 
the least significant digits. 272
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Crystal data for 4d: AuSaPCieHie, F.W.=654.6, monoclinic,
space group P2i/n, a=9.060(2), b=20.977(3), c=l3.683(2)X , 
b = 9 2 .97(2)o , 2 = 4, dc=1.674gcnr 3 , T=24°C, n(M o K t )=58.8cm-1 , 
289 variables, l<c<25°, R=0.030 for 2940 data with I>3^(I).
Coordinates for PhlP Au CIO HI 1
x
0.86014(3 > 
0 . 0 7 5 0 ( 3 )  
0 . 9 1 0 5 0 1  
0 . 0 3 7 7 ( 2 1  
0 , 9 0 6 7 1 8 )  
0 , 9 2 6 7 1 7 )
0 . 0 0 6 9 ( 7  1 
0 . 8 2 6 9 ( 8 1  
0 . 9 6 1 5 ( 9 )
1 . 0 7 8 6 ( B )
1 . 0 6 6 2 1 7 )
0 ,66.11 ( R  t 
O.OBKli
1 . 0 6 7 ( 9  ) 
0 . 7 6 1 1 ( 7 )  
0 . 6 5 1 P< 7 ) 
0 . 5 9 1 4 ( B )  
0 . 6 4 0 1 ( 0 )  
0 . 7 4 6 9 ( 9 )  
0 . 8 0 6 5 ( 0 )  
0 . 7 7 1 9 ( 6 )  
0 . 6 4 R 7 I 7)
y
0.  11394  ( 1 ) 
0 .  2 1 2 6 4 ( 9 )  
0 . 3 4 2 0 < 1 )
0 . 0 0 4 4  ( 8 ) 
0 . 7 6 4  K 7 )
0 . 27RF1' 7 1 
0 . 2 3 6 5 (  31 
0 . 2 1 1 5 1 3 )  
0 . 1 8 9 9 ) 3 )
0 . 194 9 ( 3 ) 
n . 2 1 7 7 I 3 )
0 . 7.6 77 ( 4 ) 
0 . 16 2 B I6 ( 
0 . 2 2  0 ( 1 )  
0 .02 76 I 1 ) 
0 . 0 7  ( 3 ( 3 )  
0 . 0 8 9 0 ( 4 )  
0.0168!1 ) 
n . n o n  ( 4 )
. o , n o q ^ < 3 i 
0 , n inti ( 11 
n. nnf, 3 > (i
r- t 
. : ..___
z
0 . O 0 9 7 O ( 2 ) 
0 . 0 1 6 5 1 1 )
0 . 0 9 3 9 ( 7  ) 
0 . 1 6 9 9 ( 1 )  
0 . 1 1 7 2 ( 6 1  
0 .  71 1016)  
0. 2 7 30 1 6 )  
0.  3 6 6 9 ( 5  ) 
0 . 4 0 2 8 1 6 )
0 . 3441 1 6 ) 
0.  7 4 0 9 ( 5 )
0 . 2 9R0 I (. )
0 . 5()4 4) 7 ( 
0 . 1 0 1 4  I 8 l 
0 . 2 0 7 5 ( 4 )  
0 . ,’9 ( 7*5 )  
0 .  9034  I 6)  
0 . 49.1 t f 5 ) 
0 . 4 5 9 2 ( 5 )  
0 . 361 <l5 ) 
0 . oor .’' 1 ) 
0 . I 1 1 1 1 ' ■
B( t J )
4 . 0 7 8 ! 5 i 
5 . 9 2 ( 5 )  
6.54(5) 
7 . 5 2 ( 7 )  
4.0!?! 
1 . 0 ( 1 )  
4 . 1 ( 1 )  
5 . 1 ( 2 )  
5 . 6 ( 2 )  
6 .0 ( 2 ) 
4 . 0 ( 7 )  
5 . 7 ( 7 )  
' 7. 3(  1 )
H . 7! < '
(. ? ( 1 ' 
4.6(2) 
6 . 7 1 2 1  
6 . 0 ( 7 !  
6 . 9 ( 7 )
6 . 1 ( 7 . )
1 . 7 ( 1
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Coordinates for Ph3P Au CIO HI! 52 ( cont.)
Atom X Y, 2 B(A2 )
C19 0.5613( 7) -0.1290(3) 0.0885(5) 4.6(2)
C20 0.5485< 0) -0.1241(3) -0.0114(6) 5.4(2)
C21 0.6199(8) -0.0758(4) -0.0582(5) 5.9(2)
C22 0.7067( 1 ) -0.0323(3) - 0.0054(5) 4.6(2)
C23 1.0133(6) -0.0214(3) 0.1924(4) 3.7(1)
C24 1.0395(7) -0.0841(3) 0.1688(5) 4.6(2)
C25 1.1729(8) -0.1124(4) 0.1974(6) 6.2(2)
C26 1.2800< B ) -0.0781(4) 0.2480(5) 6.3(2)
C27 1.2557(8) -0.0147(4) 0.2701(5) 6.4(2)
C28 1 . 1224(7) 0.0137(4) 0.2414(5) 5.0(2)
The equivalent isotropic thermal parameter, for atoms refined
anisotropica1ly, is defined by the equation:
2 2 2 
Ca + b B j 2 + c B33 + a b B ^ c o ^  + a c B ^ c o s B  *■ b r . B ^ c o s a  3
Table of 
For
Bond 1
Ph3P
Distances in Anystroms 
Au CTO H 11 52
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Au SI 2.305(2) C4 C6 1.37(1) C17 C22 1.401(9)
Au P 2.260(2) C5 C6 1.36( 1 ) Cl R Cl 9 1.375(9)
SI Cl 1.713(7) C5 C9 1.51(1) C19 C20 1.371(9)
S2 Cl 1.650(6) C6 C7 1.39(1) C20 C21 1.376(9)
P Cll 1.906(6) C7 CIO 1.51(1) C21 C22 1.384(9)
P C17 1.905(6) Cll Cl 2 I . 395(9) C23 C24 1.370(8)
P C23 1.822(6) Cll C 16 1 . 386(6) C2 3 C28 1.379(8)
Cl C2 1.493(9) Cl 2 Cl 3 1.390(9) C24 C25 1 .3B3(9)
C2 C3 1.396(8) Cl 3 C 14 1.36(1) T25 C26 1.37{ 1)
C2 C7 1.404(9) C 14 C 15 1.37(1) C26 C27 1.3B(1 )
C 3 C4 1.393(9) Cl 5 C 16 1.384(9) C27 C28 1.30(1)
C3 C8 1.523(9) Cl? C19 1.368(8)
Table of Bond Angles in Degrees
for Ph3P Au
Atom 1 Atom 2 Atom 3 Angle
SI Au P 177.07(7)
Au SI Cl 104.3(2)
Au P Cll 110.9(2)
Au P C17 114.6(2)
Au P C23 113.9(2)
Cll P Cl 7 106.6(3)
Cll P C23 103.1(3)
Cl 7 P C23 106.8(3)
SI Cl S2 121.0(4)
SI Cl C2 119.5(5)
57. Cl C2 119.5(5)
Cl C2 C3 1 2 0 .1 (6 )
Cl C2 C7 119.7(6)
C3 C2 C7 1 2 0 .2 (6 )
CIO Hll S2
Atom 1 Atom 2 Atom 3 Angle
C2 C3 C4 119.5(6)
C2 C3 C 8 1 2 2 .0 (6 )
C4 C3 C0 110.5(6)
C3 C4 C5 121.8(7)
C4 C5 C6 118.2(7)
C4 C5 C9 1 2 1 .1 (8 )
C 6 C5 C9 120.7(8)
C5 C6 C7 123.1(7)
C2 C7 C6 117.3(7)
C2 C7 CIO 120.1(7)
C6 C7 CIO 122.6(7)
P Cl 1 Cl 2 118.4(5)
P Cll Cl 6 123.3(5)
Cl 2 Cll C16 118.3(6) ?11
Bond Angles for Ph3P Au CIO Hll S2 (cont.)
Atom 1 Atom 2 Atom 3 Angle
Cll Cl 2 Cl 3 120.7(7)
C12 C13 C14 119.0(7)
Cl 3 C14 Cl 5 121.8(7)
C14 C15 C16 119.3(7)
Cll C16 C15 120.9(6)
P Cl 7 Cl 8 122.7(5)
P Cl 7 C22 11B . 2 ( 4 )
C1B Cl 7 C22 119.0(6)
C17 C18 C19 121.7(6)
C18 C19 C20 119.4(6)
C19 C20 C21 1 2 0 .1 (6 )
Atom 1 Atom 2 Atom 3 Angle
C20 C21 C2 2 120.7(6)
Cl 7 C22 C21 119.0(6)
P C23 C24 123.2(5)
P C23 C28 117.1(5)
C24 C23 C20 119.7(6)
C23 C24 C25 120.1(7)
C7A C 2 5 C26 w NJ O
C25 C26 C27 119.9(7)
C26 C27 C20 119.B(7)
C23 C28 C27 120.1(7)
278
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CIO,S2
C6
Aui C5
C2 C3
C9
SI
C8
Crystal data for 4e: AuSzP 2 C< & H* 1 , F.W.=916.9, monoclinic,
space group P2i , a = 12.426(2), b «19.119(3), c - 1 7 . 181(4)X, 
3=93.556(12)®, Z = 4, dc= 1.495gcnr3 , T=23°C,
(MoKii) =38 . 10cm- 1 , 459 variables, 1<0<25° , R = 0.049 for 3882 
data with I > 3 o( I ) .
PRO
CIO’
S 2 ‘
C7 ’ C6 ’
C l ’
JC5‘
C2‘
C3*
C9‘P2’
SI ‘ C4
CB'
4e
Coordinates for Au (PFh3)2 CIO Hll 52
Atom X Y 2 B(A2 )
Aul 0.40995(5) 0 0.24255(4) 4.71(2)
SI 0.2993(4) -0.1166 3) 0.2200(3) 5.1(1)
S2 0.4442(4) -0.1030(3) 0.3594(3) 5.2(1)
PI 0.5512(3) 0.0019(3) 0.1589(2) 3.8(1)
P2 0.3166(4) 0.0952(3) 0.2932(3 ) 4.1(1)
Cl 0.355(1) -0.150(1) 0.302(1) 4.1(4)*
C2 0.321(1) -0.2197(9) 0.3315(9) 3.5(4)*
C3 0.244(1) -0.229(1) 0.385(1) 5.2(5)*
C4 0.216(2) -0 - 299(1) 0.407(1) 5.7(5)*
C5 0.261(2) -0 . 356( 1) 0.370(1) 6.7(6)*
C6 0.335(2) -0.346(1) 0.314(1) 5.8(5)*
C7 0.367(2) -0.277(1) 0.299(1) 6.9(6)*
C0 0.190(2) -0.167(1) 0.419(1) 5.8(5)*
Au tPPh3)2 CIO Hll S2 (cont.)
Atom X Y z B(A2 )
C9 0.230(2) -0.433(1) 0.400(1) 7.8(6)*
CIO 0.457(2) -0.269(1) 0.238(1) 7.2(6)*
Cll 0.603(1) -0.079(1) 0.1271(9) 3.8(4)*
C12 0.625(1) -0.090(1) 0.049(1) 4.4(4)*
C13 0.667(2) -0.157(1) 0.029(1) 5.8(5)*
C14 0.696(1) -0.206(1) 0.085(1) 4.0(4)*
C15 0.678(1) -0.193(1) 0.166(1) 5.2(5)*
C16 0.632(1) -0.129(1) 0.184(1) 4.7(4)*
C17 0.513(1) 0.048(1) 0.0654(9) 4.3(4)*
C18 0.420(1) 0.02611) 0.02BK9) 4.8(4)*
C19 0.387(2) 0.057(1) -0.047(1) 6.1(5)*
C20 0.449(2) 0 .1 1 1 (1 ) -0.07411) 5.6(5)*
C21 0.542(2) 0.132(1) -0.034(1) 5.9(5)*
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Au (PPh3)2 CIO Hll 52 (cont.)
Atom X X 2 B(A2 )
C22 0.576(1) 0.103(1) 0.038(1) 4.4(4)*
C23 0.670(1) 0.0455(9) 0.1975(9) 4.1(4)*
C24 0.773(1) 0.032(1) 0.172(1) 5.8(5)*
C25 0.865(2) 0.062(1) 0.207(1) 8 .2 (6 )*
C26 0.858(2) 0.1 1 K  1) 0.266(1) 6.9(5)*
C27 0.763(2) 0.126(1) 0.299(1) 7.0(6)*
C28 0.662(1) 0.092(1) 0.259(1) 5.3(5)*
C29 0.207(1) 0.077(1) 0.3595(9) 4.0(4 )*
C30 0.153(1) 0.013(1) 0.346(1) 6.1(4)*
C31 0.064(2) 0 .0 0 1 (1 ) 0.393( 1) 7.0(5)*
C32 0.045(2) 0.047(1) 0.454(1) 6.2(5)*
C33 0 .1 0 1 (2 ) 0.105(1) 0.465(1) 6.5(5)*
C34 0.186(1) 0.1212(9) 0.4196(9) 3.4(4)*
Au (PPh3)2 CIO Hll 52 (cont.)
Atom X 1 z B(A2 )
C35 0.247(1) 0.144{1) 0.215(1) 4.4(4)*
C36 0.151(2) 0.182(1) 0.227(1) 8 .0 (6 )*
C37 0.096(2) 0.218(1) 0.166(1) B.0(6)*
C3S 0.143(2) 0.218(1) 0.092(1) 7.5(6)*
C39 0.239(2) 0.185(1) 0.081(1) 8.9(7)*
C40 0.294(2) 0.150(1) 0.144(1) 7.6(6)*
C41 0.399(1) 0.155(1) 0.348(1) 4.1(4)*
C42 0.398(2) 0.226(1) 0.332(1) 5.5(5)*
C43 0.465(2) 0.272(1) 0.381(1) 7.9(6)*
C44 0.539(2) 0.243(1) 0.440(1) 6.6(5)*
C45 0.542(2) 0.174(1) 0.453(1) 7.1(6)*
C46 0.473(2) 0.129(1) 0.409(1) 5.7(5)*
A u l ' 0.09182(5) 0.0181015) 0.79501(4) 4.64(2)
Au (PPh3)2 CIO Hll S2 (cont.)
Atom X 1 z B(A2 )
SI* 0.2077(4) 0.1332(3) 0.7936(3) 5.2(1)
S 2 ' 0.0459(4) 0.1009(3) 0.6656(3) 4.8(1)
PI' -0.0453(3) 0.0232(3) 0.8798(2) 4.1(1)
P2 1 0.1841(4) -0.0706(3) 0.7355(3) 3.9(1)
C 1 ‘ 0.143(1) 0.1558(9) 0.7059(8 ) 3.1(3)*
C2' 0.178(1) 0.224(1) 0 .6 6 8 8 (9) 4.1(4)*
C 3 ' 0.266(1) 0.226(1) 0.624(1) 5.2(5)*
C 4 ‘ 0.300(2) 0.290 <1) 0 .588(1) 6.4(5)*
C 5 ‘ 0.244(2) 0.347(1) 0.605(1 ) 7.3(6)*
C6 ' 0.155(2) 0.352(1) 0.653(1) 7.1(6)*
C7 ' 0.123(1) 0.286(1) 0.682(1) 5.4(5)*
n CD 0.331(2) 0.156(1) 0.610(1) 5.8(5)*
C 9 ' 0.285(2) 0 . 4 23(2 ) 0.573(1) 1 0 .1 (8 )*
Au (FPh3)2 CIO HI1 S2 (cont.)
Atom X 1 z B(A2 )
CIO' 0.028(2) 0.288(1) 0.736(1) 6.7(6)*
Cll' -0.094(1) 0.115(1) 0.9049(9) 4.1(4)*
C12' -0.114(2) 0.154(1) O.B43(1) 5.8(5)*
C13‘ -0.154(2) 0.224(1) 0.860(1) 7.7(6)*
C14 ' -0.171(2) 0.243(1) 0.934(1) 6.7(6)*
C 15' -0.152(2) 0 .2 0 0 (1 ) 0.998(1) 6 .8 (6 )*
CIS' -0.108(1) 0.129(1) 0.9B2(1) 4.B(4 ) *
C17* -0.007(1) -0.0147(9) 0.9730(9) 4.0(4)*
CIS* 0.087(1) 0 .0 1 0 (1 ) 1.0132(9) 4.9(4)*
C19' 0.118(2) -0 .0 2 0 (1 ) 1.091(1) 6.0(5)*
C 2 0 ' 0.056(2) -0.075(1) 1.118(1) 6.7(6)*
C 21' -0.03612) -o. i o n  i ) 1.078(1) 7.3(6)*
C 22' -0.070(2) -0.067(1) 1.004(1) 6.0(5)*
Au (PPh3)2 CIO HI1 S2 tcont.)
Atom X 1 z B( A2 )
C23' -0.171(1) -0 .0 2 2 (1 ) 0.844(1) 4.7(4)*
C24' -0.270(1) 0 .0 0 1 (1 ) 0 .B6 B ( 1 ) 6.5(5)*
C25' -0.360(2) -0.040(1) 0.843 1 ) 5.6(5)*
C 2 6 ' -0.351(2) -0 .1 0 0 (1 ) 0.799 1 ) B .2 (7)*
C27 ' -0.248(2) -0 .1 2 0 (2 ) 0.771(2) 9.8(8)*
C28' -0.156(2) -0.0BK 1) 0.800(1) 8 .1 (6 )*
C29' 0.289(1) -0.04611) 0.671(1) 4.2(4)*
C30' 0.387(2) -0 .0 2 1 (1 ) 0.706(1) 5.7(5)*
C 3 1 ' 0.47212) -0.005(1) 0.656(1) 6.9(5)*
C32 ’ 0.457(2) -0 .0 1 0 (1 ) 0.574(1) 6.3(5)*
C 33' 0.358(2) -0.030(1) 0.542(1) 7.1(6)*
C34 ' 0.269(2) -0.050(1) 0.590(1) 6.0(5)*
C 3 5 ' 0.091(1) -0.125(1) 0.676(1) 4.6(4)*
Au (PPh3)2 CIO Hll S2 (cont.)
Atom X 1 2 B(A2 )
C 3 6 ' 0.014(2) -0.089(1) 0.632(1) 8.7(7)*
C3 7 ' -0.059(2) -0 .1 2 2 (1 ) 0.572(1) 9.0(7)*
C3B ' -0.048(2) -0.197(1) 0.570(1) 7.5(6)*
C 3 9 ' 0.028(2) -0.233(1) 0.616(1) 8.7(7)*
C40' 0.105(2) -0.197(1) 0.671(1) 8.6(7)*
C41' 0.259(1) - 0.129 <1) 0.B05(1) 4.5(4)*
C42' 0.251(2) -0.116(1) 0 .887(1) 5.5(5)*
C43 1 0.328(2) -0.153(1) 0.938(1) 7.1(6)*
C44' 0.394(2) -0 .2 0 1 (1 ) 0.913(1) 7.4(6)*
C45' 0.399(2) -0.217(1) 0.834(1) 7.1(6)*
C 4 6 ' 0.332(2) -0.178(1) 0.774(1) 6.3(5)*
Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms refined
anisotropically, is defined by the equation:
4 2 2 2
^Ca + b + c ^33 + + a c B ^ cosP + bcB^^cosa 3
Table of Bond Distances in Angstroms
Atom 1
ttstts
Atom 2
U l l f t
Distance Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Aul SI 2.635(5) C2 C7 1.37(2) Cl 7 C1B 1.35(2)
Aul S2 2.026(5) C3 C4 1.44C 2) C17 C22 1.40(2)
Aul PI 2.337(3) C3 C8 1.50(2) CIS C19 1.46(2)
Aul P2 2.353(4) C4 C5 1.39(2) C19 C20 1.30(2)
SI Cl 1.66(2) C5 C6 1.30(2) C20 C21 1.30(2)
S2 Cl 1.69(2) C5 C9 1.61(3) C21 C22 1.40(2)
PI Cll 1.79(2) C6 C7 1.41(2) C23 C24 1.41(2)
PI C17 1.07(2) C7 CIO 1 .58(2) C23 C20 1.39(2)
PI C23 1.78(1) Cll C12 1.40(2) C24 C25 1.40(2)
P2 C29 1.86(1) Cll C16 1.39(2) C25 C26 1.38(3)
P2 C35 1.82(2) C12 Cl 3 1.44(2) C26 C27 1.30(2)
P2 C41 1.76(2) C13 C14 1.37(2) C27 C28 1. 53(2)
Cl C2 1.50(2) C14 C15 1.44(2) C29 C30 1.42(2)
C2 C3 1.37(2) C15 C16 1.40(2) C29 C34 1.37(2)
Bond Distances (cont.)
At OK 1 Atom 2
* a * v a s
Distance Atom 1
=3: : ir
Atom 2 Distance Atom 1 Atom 2 Distanc
C30 C31 1.43(2) C44 C45 1.32(2) Cl ■ C2 ' 1.53(2)
C31 C32 1.40(2) C45 C46 1.42(2) C2 ’ C3 ' 1.37(2)
C32 C33 1.32(2) Aul ' SI ■ 2.631(5) C2' C7' 1.41(2)
C33 C34 1.39(2) Aul S2* 2.B5015) C3 C4' 1.45(2)
C35 C36 1.42(2) Aul ' P I  ' 2.311(3) C3' CB'
CDLfl
C35 C40 1.39(2) Aul ' P2' 2.319(4) C4 ' C5' 1.33(2)
C36 C37 1.39< 3) SI’ C l  ' 1.72(1) C 5' C6' 1.43(2)
C37 C38 1.43(2) 52 ’ Cl ' 1.62(1) C5' C9 1 1.63(3)
C38 C39 1.37(3) PI ' Cll ' 1.91(2) C6 ’ C l ' 1.42(3)
C39 C40 1.41(3) PI' Cl7 ' 1.79(1) C7 ’ CIO' 1.54(2)
C41 C42 1.39(2) PI' C23 ’ 1.85(2) Cll ' C12' 1.32(2)
C41 C46 1.44(2) P2 ' C29' 1.83(1) Cll ' C16' 1.38(2)
C42 C43 1.44(3) P2' C35 ' 1.82(2) Cl2' C13' 1.46(3 )
C43 C44 1.44(3) P2' C41 ' 1.65(2) C13 ’ C14 ' 1.34(2)
0
6
Z
Atom 1 Atom 2 Distance Atom
Bond Dl3tance3 (cont.) 
1 Atom 2 Distance Atom 1 Atom 2 Dlstanc
~ — ” “ — — -  —  *  — z. — ======== - = -= = = ====== ======== ====== =======
C14' C15' 1.38(2) C25' C26 ’ 1.39(3) C36' C37' 1.47(3)
C15 ’ C16' 1.48(2) C26' C27' 1.44(3) C37' C38' 1.44(3)
C17' C18' 1.41(21 C27 ' C28' 1.43(3) C38' C39' 1.37(3)
C17 1 C22' 1.39(2) C2S ' C30' 1.42(2) C39' C40' 1.48(3)
ClB' CIS' 1.47(2) C29' C34 ' 1.39(2) C41' C42 ' 1.43(2)
C19' C20' 1.39(2) C30 ' C3 1 ' 1.43(2) C4 1 ' C46' 1.43(2)
C20 1 C21 ’ 1.39(2) C31 ' C32 ' 1.41(2) C42 ' C43' 1.45(2)
C21' C22' 1.46(2 ) C32' C33 1 1.37(2) C43 ' C44' 1.32(3)
C23 ' C24' 1.39(2) C33 ' C34 ' 1.48(2) C44 ‘ C45' 1.40(2)
C23' C28' 1.39(2) C35' C36 ' 1.37(3) C45 ' C46' 1.49(3)
C24' C25' 1.41(2) C35' C40' 1.39(3)
Table of Bond Angles in Degrees
Atom 1 Atom 2 Atom 3 Angle
SI Aul S2 64.4(1)
SI Aul PI 109.1(2)
SI Aul P2 116.4(2)
S2 Aul PI 1 1 1 .2 (2 )
S2 Aul P2 109.4(1)
PI Aul P2 128.4(2)
Aul SI Cl 90.6(6)
Aul S2 Cl 83.6(5)
Aul PI Cll 118.4(6)
Aul PI C17 112.2(5)
Aul PI C23 114.4(4)
Cll PI C17 103.0(7)
Cll PI C23 1 0 2 .4(7)
C17 PI C23 104.9(8)
Atom 1 Atom 2 Atom 3 Angle
Aul P2 C29 118.8(6)
Aul P2 C35 1 1 0 .1 (6 )
Aul P2 C41 114.4(6)
C29 P2 C35 102.4(7)
C29 P2 C41 102.3(7)
C35 P2 C41 107.5(8)
SI Cl S2 1 2 1 (1 )
SI Cl C2 1 2 1 (1 )
S2 Cl C2 117(1)
Cl C2 C3 124(1)
Cl C2 C7 116(1)
C3 C2 C7 1 2 0 (2 )
C2 C3 C4 119(2)
C2 C3 C 8 1 2 0 (2 )
29
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Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle
C4 C3 C8 1 2 0 (2 )
C3 C4 C5 119(2)
C4 C5 C6 1 2 1 (2 )
C4 C5 C9 117(2)
C6 C5 C9 1 2 1 (2 )
C5 C6 C7 117(2)
C2 C7 C6 123(2)
C2 C7 CIO 1 2 1 (2 )
C6 C7 CIO 116(2)
PI Cll C12 1 2 1 (1 )
PI Cll C16 118(1)
C12 Cll C16 1 2 1 (2 )
Cll C12 C13 117(2)
C12 C13 C14 1 2 2 (2 )
Atom 1 Atom 2 Atom 3 Angle
C13 C14 C15 1 2 1 (2 )
C14 Cl 5 C16 116(2)
Cll C16 C15 123(2)
PI C17 C18 115(1)
PI Cl 7 C22 1 2 2 (1 )
C18 C17 C22 123(1)
Cl 7 C18 C19 119(2)
C18 C19 C20 118(2)
C19 C20 C21 1 2 2 (2 )
C20 C21 C22 1 2 1 (2 )
Cl 7 C22 C21 117(1)
PI C23 C24 123(1)
PI C23 C28 119(1)
C24 C23 C28 118(1)
Bond Angles
Atom 1 Atom 2
C23 C24
C24 C25
C25 C26
C26 C27
C23 C28
P2 C29
P2 C29
C30 C29
C29 C30
C30 C31
C31 C32
C32 C33
C29 C34
P2 C35
Atom 3 Angli
C25 1 2 2 (2 )
C26 1 2 1 (2 )
C27 1 2 2 (2 )
C28 116(2)
C27 1 2 1 (1 )
C30 115(1)
C34 1 2 2 (1 )
C34 123(1)
C31 115(2)
C32 1 2 0 (2 )
C33 1 2 2 (2 )
C34 1 2 1 (2 )
C33 118(2)
C36 1 2 1 (1 )
(cont.)
Atom 1 Atom 2 Atom 3 Angle
P2 C35 C40 119(1)
C36 C35 C40 1 2 0 (2 )
C35 C36 C37 1 2 1 (2 )
C36 C37 C38 117(2)
C37 C38 C39 1 2 2 (2 )
C38 C39 C40 1 2 0 (2 )
C35 C40 C39 119(2)
P2 C41 C42 1 2 2 (1 )
P2 C41 C46 119(1)
C42 C41 C46 119(2)
C41 C42 C43 119(2)
C42 C43 C44 1 2 0 (2 )
C43 C44 C45 1 2 0 (2 )
C44 C45 C46 1 2 1 (2 )
Bond Angles (cont
Atom 1 Atom 2 Atom 3
C41 C46 C45
SI' A u l ’ S 2 '
SI' Aul' PI'
S I ' A u l ' P 2 '
S2 ’ A u l ' P 1 ‘
S 2 ' Aul' P 2 '
PI' A u l ' P 2 '
A u l ' SI' C l '
A u l ' 52' C l '
Aul' PI' Cll'
Aul' P I ' Cl 7 '
A ul' PI' C 2 3 '
Cll' PI' Cl7 '
Cll' PI' C23 ’
Angle Atom
121(2) Cl 7'
64.3(1) Aul'
113.3(2) Aul'
108.8(2) Aul'
110.2(1) C 29'
100.5(1) C 2 9 '
135.4(2) C 3 5 '
89.4(5) SI'
83.9(5) SI'
116.0(5) S 2 '
112.5(5) Cl'
114.4(5) Cl'
103.8(7) C 3 '
103.0(7) C 2 1
Atom 2 Atom 3 Angle
P I ' C 23' 106.0(7)
P 2 ' C 29' 118.3(6)
P2 ’ C35 ‘ 110.5(6)
P 2 ' C41' 113.6(6)
P 2 ' C35' 104.8(7)
P 2 ' C41' 1 0 1 .5(7)
P 2 ' C41' 107.0(8)
Cl' S 2 ' 122.2(9)
Cl' C2 ' 117(1)
Cl' C2 ' 1 2 1 (1 )
C 2 ' C 3 ' 1 2 1 (1 )
C 2 ' C7 ' 1 2 0 (1 )
C2 ' C7 ' 119(2)
C3 ' C4 ' 1 2 2 (2 )
2
9
b
Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 AngL
C 2 ' C 3 ' C 8 ' 119(2) C 12' C 13' C14 ' 1 2 1 (2 )
C 4 ' C 3 ' C8 ' 119(1) C 13' C14 1 C 1 5 ' 124(2)
C 3 ' C 4 ' C 5 ' 116(2) C14 ' C 15' C 1 6 ' 116(2)
C 4 ' C 5 ' C6 ' 127(2) Cll' C 16' C 1 5 ' 115(2)
C 4 ' C 5 ' C 9 ' 119(2) P I ' Cl 7' CIS' 118(1)
C6 ' C 5 ' C 9 ' 114(2 ) P I ' C17' C22' 1 2 1 (1 )
C 5 ' C6 ' C 7 ' 113(2) C18' C17 ' C22' 1 2 1 (1 )
C 2 ' C 7 ' C6 ' 123(2) C17' CIS' C19 118(1)
C 2 ' C 7 ' CIO' 1 2 2 (2 ) C18 ' C19' C20 ' 119(2)
C6 ' C7 ' CIO' 115(2) C19' C20 ' C21 ' 124(2)
PI' Cll' C12' 113(1) C20' C 2 1 ' C22' 117(2)
PI' Cll' C16' 118(1) C17' C22 ’ C 21' 1 2 1 (2 )
C12' Cll' C16' 130(2) P I ' C23 ' C24 ' 1 2 0 (1 )
Cll' C 12' C13' 114(2) PI ' C23 ' C28 ' 115(1)
296
Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angli
C24' C23' C 28' 125(2) P 2 ' C35' C36' 115(2)
C23' C24' C 25' 116(2 ) P 2 ' C35' C40' 1 2 1 (2 )
C24' C 25' C28' 1 2 2 (2 ) C 36' C 35' C40' 123(2)
C25' C26' C 27' 1 2 1 (2 ) C35 ' C36 ' C37 ' 123(2)
C26' C 27' C28' 117(2) C36 1 C37 ' C38 ’ 113(2)
C23' C28' C 2 7 ' 119(2) C 37' C38' C39' 123(2)
P2' C 2 9 ' C30' 117(1 ) C38' C39 ‘ C 40' 1 2 2 (2 )
P2 ’ C29' C34 F 1 2 0 (1 ) C35' C40' C39' 115(2)
C 30' C29' C34 ' 123(1) P 2 ' C 41' C42 ' 117(1)
C29' C30' C 3 1 ' 117(1 } P2 ' C41 ’ C46 ' 117(1)
C 30' C31' C32 ' 1 2 2 (2 ) C42 ' C 41' C46 ' 125(2)
C31' C32' C33 ' 119(2) C 411 C42' C43 ' 115(2)
C32' C33' C 3 4 ' 1 2 2 (2 ) C42' C4 3 ' C44 ' 123(2)
C29' C34' C33 1 117(2) C43 ' C44 ' C45' 1 2 2 (2 )
C 44' C45' C46' 1 2 0 (2 ) C41 ' C 46' C45 1 114(2) 297
Crystal data for 4f_: AgSa Pa C« 6 H *  i ■ 1/2C3 Ha N  , F.W.=867.3
triclinic, space group PI, a=l1.9112(9), b = 1 3 .4725(10 ) , 
c = 1 6 .1231 (19)£, a = 7 4 . 374 (8), 6 = 78.544(9), y =60.945 ( 6)° ,
2=2, dc =1 . 327gcm- 3 , T=20-33°C, y (MoK i) =6 . 55cm- 1 , 487 
vari ables , 1 < i i < 22 . 5° , R = 0.039 for 3776 data with I > 3 u (I
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4f Selected Distances
Atom 1 Atom 2 Distance
Ag SI 2.654(1)
Ag S2 2.692(1)
Ag PI 2.468(1)
Ag P2 2.465(1}
si Cl 1.672(5)
S2 Cl 1.675(5)
PI Cll 1.811(5)
PI C17 1.822(5)
PI C23 1.821(5)
P2 C29 1.821(5)
P2 C35 1.818(5)
P2 C41 1.819(5)
Cl C2 1.501(6)
U)
oo
4 f  Selected Angles
Atom 1 Atom 2 Atom 3 Angle
SI Ag S2 66.47(4)
PI Ag P2 119.42(4}
SI Ag PI 117.70(4)
52 Ag PI 114.26(5)
SI Ag P2 114.75(4)
S2 Ag P2 112.81(5)
Ag SI Cl 86.13(16)
Ag S2 Cl 84.87(16)
Ag PI Cll 119.04(16)
Ag PI C17 109.25(16)
Ag PI C23 116.35(17)
Ag P2 C29 113.65(15)
Ag P2 C35 114.66(16)
Ag P2 C41 115.83(16)
Cll PI C17 101.94(22)
Cll PI C23 102.73(23)
C17 PI C23 105.93(25)
C29 P2 C35 102.92(22)
C29 P2 C41 103.01(22)
C35 P2 C41 105.28(23)
SI Cl S 2 122.15(27)
Crystal data for 4g : CuS2 PaC a eH4 i ■1/2CSa , F.W.-821.5,
triclinic, space group P i , a=ll.607(3), b=13.130(3), 
c = 16.328(4)&, a =7 5.06(2) , 8-76.16(2), y=60.92(2)°, Z = 2, 
d< =1 . 310gcnr 3 , T=26° C , u ( CuK<» )= 30.8 4cm- 1 , 476 variables ,
2<t*<75° , R=0.037 for 7645 data with 1)3'! (I) .
Coordinates f or Cu (tT'riJ ) 2 ('.'10
Atom X y
Cu 0 . 6 4 0 0 3 (2) 0 . 72 77 0 ( 7.)
S I 0 . 6 1 0 1 0 (4> o . 3 2 / 4■ ■- 4 )
S2 0.42007(4 I 0.34440(4)
n 0.0 7 04 3(4 ) 0 . 4 0 /(")(. ! 1 )
6 2 0 .7 040 310 > 0.1010 2(4)
Cl 0.4600(2 ) 0.27 70(2 1
C2 0.304 0 ( 2 ) 0 . 2 6 6 6 ( 7 )
c :j 0. 3 3 4 0 ( 2) 0 . 1 6 0  01 )
C4 0.2369(2) 0. 160 0' ■ )
CO 0. 1500(2 ) 0 .2613( 7 '
C6 0.1780(7 ) 0 . 3 0 0  7 ( 2 '
C7 0 . ?.7hO( 7. ) 0 . 1 0 0 0  1 7. )
r n 0 . 4 1 2 7 ( 3 ) 0 . 0(, 74 ( 2 )
eg 0 . 0 4  0 9 ( 3) 0 .244 1 ( 7 )
n  s u  . i/2 cs;
0 . 7 7 5551 2 )
0 . 00006 ( j )
u . / m  14 1 n
] . 0 1 . 7  / ( 2  )
1 . 0 4 0  1 ( 2 )  
o . OH(V) ( 1 )
f!. o o m  ( 2 i
B( A''')
7 . 1 f 1L' (6 ) 
3 . 7 0 ( 1 )
3 . 1 >0 ( 1)
0 . 7 . ’ 7 ' 0 ( 3 )  2 . 9 L'11 '*
o  . t . - V . ' M  ( 7. j 7 . 3 1 ( 1 )
n.06 06(1) 7.14,4)
0.034 0(1! 3.74(4)
0 . < 1 ■ 7 2 ( 1 ) 3 . f) ! ( j
1 . 0 7 M M 2 )  4.07(h)
1 -. 1 1 ( /) 
1 . 90(6) 
4 . 1 h t ' , ) 
0.70( i )
i . 1 V'7( 2 ( M.H( 1
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Coordinates for C u  jT’F'h 3 ) 3 ( C 10 _[ i i 1
At_om X Y
CIO 0. 20'iRi 3) o . -k  ."5 ( )
Cl 1 (i.R.'CHj O.'Hi.l! !
Ci 2 0 . 85 2 0 ( 2 ) 0 . ■ 1 M  2 )
Cl 3 0 . 'M:07 ( : ! 0. M M  t 7. ’
C i 3 1 . 0 ‘» / 0 ( 2 ) 0 . 3 7 (  7 )
CIS 1 . 0 3 i b ( 0 ) 0.30. K 2 )
C 10 0.01 -1 8 ( 3 ) 0 .3 0 i : i. .. i
Cl 7 0 . 5 3 P M  7 ) 0 . "0.3(7)
C1U 0 . 5H4 3(2) 0 . b ’■ 1 b ( 7. )
CIO 0 . ■V-miO ( 7 ) ".7 3 H " ( 7 i
C2 0 0. 3 5 G " ( 2 ) ". ’7 7 b (7 ;
C 21 0.320 /(2 > 0 . / 2 0 7 ( 2 )
C22 0.3137(2) 0.03 20(2)
C3 3 O.M32 7( 2) 0 . 5 7 0 2(2)
) . _ 11 2 JCJ32_ f c o n  t
nf, [ 0 ( 3 ) 
7bb5( 1 ; 
fV1 1 / < 1 ' 
i' / C i:! 2 )
! ( i ( i i ( 
W O  ■ ! ; ) 
7 3’,,: { j
nn /Mi) 
hmi]( )
II /11 h ( i
III (3 u  ,) 
M  i U ( 7.) 
7 ru\s (:.)
M'Ol I 1 '
n t A'\i
b . 7.7 ( P 
t. ' o ( >  
3 . s ;
1 1 J,"p • M i
5 . 1 ■ 7 M  > 1 
3 . M  i 1 * ■
5 . 1 b ( 3 ■
"1 . 3 b ( b ;
S 0 '' ' 1 ■ >
b . 0 3  ( / > 
o . 71 < ( / ■
3. m  i ■ ■ i 
J.U'i! 3 i
tr
Ol
Coord inates far Cu._( Pl ‘h
Atom X
C24 0 . Rnc'"* ( 7 )
C25 0 . 3 )
C2b a . tinnn ( 1)
C27 0 . 7 M  ,n [ '. )
C2R o . ;n :4<1 >
C7.9 0. 7 4 0 9 12)
CIO 0 . b9M7 ( 3 )
Cll 0.17 04( 3 )
C32 o.f./n u i)
C33 0. 7 i n M  2)
C ?4 0 . 710 7 ( /’ )
C3C n . on.P < 7.)
C3b 1.0171(3)
Cl 7 J . ] 4 M M  /: )
"i
L U k
c  -I
*3.^ ... 1 /  2 CT32 ( C O I t t -
V z D(  A 7  )
n . b F c m  t 2 ) n . 2 ) r- . M  ( b  )
7 4  0  U i  > <>, C 1 0  2 ( 2 ) 7 . 7 3  1 > )
0 . Mr,-] ] { > ! n , 4 Mi ' )  ( 3 ) n . :  2 ( ' i i
11 L- / 1 c ' ■ i i , 4 / 11 /  ( 2  ) 7 . 7n ( 'l !
i i , 1 1 4  2 ! •'i ii, < f t , t t f O  ( 2 ) 7  . 4  1 ' M i
o  . 1) 7 b  0  t ' S 0  , b 4 7 h  ( 1 ) 1 . 7 0  ( 11 )
( i . 0  7.2 1 ( 2 1 IJ ,. /  7.1.0 l 7 ) < ■ . 1 / I
0 . n7i) 1 ( 7 ) 0 . . 7  j  1 4  ( 7 ) 7 . ( 0 M )
1). 1 0 ■' 4 (. /  ) 0  .. b r- 7 b  < 2 ) u . ’ f"‘ ( 7  )
o . rv.r. ] ( ;  ; n . 7 7 ' M  ( 2 ) 7  . b  7 [t  )
n . ' ! l 4 b  { 2 1 n . S  7  4 4 ( 7 ) 4 . ■ ■ H 5  )
n . 1 1 0  1 ( 2  ) n . b b 3 r> ( 1 ) I . 4 M  4  1
u . i c . n 7 ( 7 ) 0 . f . H M  ( 7 ) 1 . M. < i ■ )
0  . l 1 3 1  ( ? 1 0 . b ( | t 7 .  ( 2 1 11 . b | 1 7 )
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o r d i n a t e s T o r  Cu ( FFh?t ) 2 . . j _ c i . u _ j . i n 3 2 )__ . __ W 2 _C3 7 ( r a n t . .
A t o m X V z B( A2 >
C I S 1 ■ 2 3<7r,< 2 ) - 0 . '104 7 f 2 ) 0 . f . i t 0 4  ( 3 ) 3 . 7 0 ( 0 )
C ,V» 1 . ] 7 0 0 ( 3 ) 0 . Of,  (4 ( 2 ) 0 . O h O / I  7 ) O . 0 2 ( P)
C 4 0 1 . n o o o  ( 2 ) 0 . O i O/ m , 0 . 3 3 4 0 1  2 ) 4 . u b ( h j
C 4 i 0 . f r> l 3 ( 2 ) 0 . 2 0 MO( , ) 0 . b t 3 / ( 1 ! ' . t O ( 4 )
C4  2 0 . ^O'tO ( 7. 1 2 3 3 1 '  3} 0 . 4  10 7 (  1 ) 3 . u. ;  1 O)
Cd 3 o . o o 7 7 ( ) n . 7 0 0  3(  7 j 0 . 3 0  3 0 (  1 ! 4 . n o  ><3 )
C4 4 0 . 7 0 0 4 ( 2  ) 0 . o 4 0 ( 7 ) 0 . 7 b , ’f , ( 1 ) 4 . 7 ! - M
C 4 h N . h 7 0 2<2  ) 0 . 10 7 0  i i. ) 0 . 4  i / 0 ( 2 ) 4 . IlfU f, }
C 4 B 0 . 0 7 1 h ( 2 ) n . 3 3 7 :  : 2 ) 0 . 7 0  7.4 ( 3 ) 4 . 2 7 ( 3 )
SI  3 ' ) . 01 9 4  ( 1 > 0 . ' ' ;  0 2 1 t ) 0 . n u n  7 7 ( 3 ) 1 0 . 4 7 ( 4 )
C l  3 0 1 0 7 . 2 ( 1 )
The e q u i v a l e n t  i uot  t i >p i c t.hurina] paraim'tru , (nr at.omn rH irirvl
a n i s o t r o p i c a 11 y , i r. i l ef inud by the e qua t i o n :
j t a  B ^  + b  ♦ c  ' b j , ■* a b l t ^  v + . n' b^ , e u s b  * b e ] 1, , ^ ■■ >. -a ]
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■Jtible ul IlunJ DiL-tdm-Ob Lit Anyst-roms 
t ot Cu (IM'ti n 2 (Clu HI i 132 ) . 1/2 CS2
Al (Jin L Atom 2 Instance
:"ii fii 2.4001(4 )
Cu .42U3< J)
1:1 PI 2 . 2 / U 2 l 3 )
( U P2 2 . 2t.491 J )
i Cl I . t. /*■> C 1 I
r* ,
■-> .. Cl i.hUbt1)
Pi Cll 1 . H27 ( t )
r i ('1 7 I .U241 L >
P; C2 3 1 . U?.9< 1 )
V: C29 1.U27( 1 )
112 C35 i. u 2 b 111
P2 C41 1. H 3 1 ( 1)
Cl C2 1.50b(2)
02 C3 1.3B8(2)
A t o i n  1 A l m u  O i i L u i i o e
t' 2 c / 1.401(2)
( 1 cl 1 . 30 112)
L J CU 1.b U M 1 1
C4 CO 1.3UUi2 )
cc Cb 1 . 37fU 2)
CO CO 1.010(2 )
Ctj C7 I , 30 0 ( 2)
( 7 C I O 1.49/( 2 )
Cl 1 Cl?. 1. 1 ‘J 0 ( 2 )
Cll C I O I . 304(2 1
C 12 Cl J 1. 3 D M  2 )
Cl 3 C14 1.370( 2 )
C14 C15 1 . 368< 2)
Clb C16 1 . 3 9 H  2)
Atom i Atom 2 Distance
C 17 C1U 1. 390(2)
Cl 7 C2 2 1. 3tib I 2 1
cia C19 1.37912)
C19 C20 1.372121
C20 C21 1.372(2 1
C21 C22 1.386(2 )
C2 3 C24 1.383(2 )
C23 C28 I.394( 2 1
C24 C25 1,40b(2 1
C2t> C26 1.363(3)
C2b C27 1.390( 3 J
C27 C26 1.37912)
C29 C30 1.385(2)
C29 C34 1.384(2)
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1'.' jtnl D i tm r.i i.' :j I < 'i 1 u 1 1 'i ti <
At ■ '[it 1 At.nm 2 1) i L u n u e  At.mu i At mn I
it) tJ 31 i . 017 ( 2 t 0 u. ' \ /
; ("j] J, j H H  ii i‘ O',
C3,j 1 . it1 < 0 iA '■
Oil C 11 1 . ;!rM  ( ,: i (.:■") 11
o  f . t b  1 .  t o t «: i i .
c : J. a 0 4 0  1.  . n 117 i 0 4 i 1 4<
M'.'. .  Mi l  0,2 > . 1 / 2  0 0  2 1: c u n t  . i
[J i j  Ltj r i'. i..- At. uni 1 Al um I D 1 I j  r it: u
i . .O j< 2 ) 0 1 7 04 J i . 3 H b i 2 )
1 . 0 0  < 2 ) t'4 7 04  4 1 . J but  2 '
1 . 3 7 1 ( 7 ) C4 4 04 A 1 . 3 8  3 ( 2 )
1 . 7 7 - 0 2 ) C4S 04 b 1 . 313 A I 2 >
i . it1. .112> 0 1 0 0 10 i . 0 Jti \ \ -t
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T u b  
f o r  C
l e  ut  P o n d  A t i j o  
u < P P n j ) 3  p.: i n  i
Mi p . ' U r n ‘ - \
111 S 3 )  ! 1 / 3 C 3 3
A t o m  1 A t o m  2 A t o m  ' An  i P  * A t o m  1 A ’ um 2 A t t in !: A n q 1v
3 1 Cu r» • 'i ’ 3 . u f 1. ( 1 1 Cu P 2 CMC) 1 1 p . n 0 ! 4 1
S I Cu PL 1 1 3 .  P M  1 ) i ' u  p .: C j  P 1 L G . S P ! 4 !
3 1 Cu P / 1 1 7 . P P ( 1 i 1' u P 2 C4 ! 1 1 7 . 0 0 ( 4  )
5 2 Cu [ ' 1 1 1 7 .  3 C ( 1 ) ( ;.o p ; (,; 0 L0 3  . P M M
52 Cu P/ . i 1 M i  M l ! 1C’ p i ; 1 0  2 . i / ( u )
n Cu F 2 1 i u . 4 C ( 1 1 CM'  P.: C4  1 1 0  3 . 1 7 ( t O
Cu S i C l P ! . O P ( 4 ) c i  r ■ 1 t 1 1 0 . 0 7 ( 7 )
Cu C 1 r  i P 7 . 7 0 ( 4 ! 3 : c i \ ■ 7 1 1 o . 0 0 ( 4 )
Cu H r  l l 1 1 n . 7 Cf  4 ! s  ■ ' i PP. 1 2 0 . 1 P ( o )
Cu n C l  7 1 1 'M OP ( 4 ) r  ; <■ > C 7 17 1 . 1 ( 1 !
Cu pi c ;  < 1 1 0 . 7 0 ( 4 ) 1 ’ 1 1 ’ ' r  j 1 ! n . CM 1 !
C l l pi Cl  1 10  3 . 0 1 ( Cl '■' ■ C . i ' i 1 7. 0  . M l )
Cll PL C l  i I M . P j d O 1 M P4 1 1 n . o i  i >
Cl  / PI c ,: ! 1 (1 1 . 0 ] ( f . > r  C r  } 1 'M ! 7 1 . M  ! ) 309
Bond Angl<’o lor Cu (PPh3)7 (C
At on 1 Atom 2 Atom 3 Ang 11'
C4 C3 CO 11 . 5 ( 1  )
>;3 CM C5 i n . o< i j
CM CB C 6 l i t * . .  H i  )
t M e c C9 1 2 1 . :m i )
c e CB C9 1 2 . (. ( 2)
CB CC C / l . o i l )
C2 C7 CO 110.0(1)
C 2 C7 CI O 1 . 1.0(1)
t ;o C 7 CI O 1 1q . 3 ( 1 )
ri Cl  1 C l  2 1 l t . M 7 . ( M )
n I ' l l f’lo 1 1 4  . 1(  1 !
C l / C l l VAb i r» . o (] )
C l l C 1 2 Cl  3 i i n . r>( i )
C l  2 C l  3 C l  4 1 1 n . i t , : ;
i n  l S 2 )  . 1 / 2 CO 2  ( c o n t . )
At om 1 A t o m  2 At . om ' A n g  1 r
C 1 3 C 14 C I S 1 2 0 . 1 ( 1 )
'; 11 r ; o C l o L2 1 . 0 ( 1 )
: ’ 1 5 * ' M o Cl * . 1 1 9 .  K l )
t ' 1 C I ' C 1 n 12 2 . 4 ( 1 )
i ’ i o i  / 1 ' /  / 1 1 9 . 1 '  i '
C l  9 Cl  / C / 2 i J ( 1. 4 ( 1 i
Cl  7 C 1 0 ( MO I 2 1 . K 1 )
' MU C 1 '* C/ M 1 19 . / ( 1 )
r  : o CM! 0 C 2 1 1 1 9 . 0 ( 1 )
1 '( ! i c:  i ci :  3 1 2 1  . IM 1 )
' ' ]  ! C2 2 COM 1 J 11. £3 ( 1 )
r e ( c: 1 C 2 4 1 2 2  . 1 ( 1 )
r  i C 2  3 C 2 0 1 1 It.  / ( 1 )
i CM C 2 3 c i n 1 1 M . 0  ( 1 )
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Bond Angles lor Cu (iTh 7  7 <
Atom 1 A t o m  2 A t o m  3 A n g l e
C 2 3 C 2 4 C 2 9 I 1<1 . ' <(?.  >
C 2 4 C2 B C2 C 1 7.1J . 7 ( 2 )
C 2 5 C2 A C ? 7 1 ; R . f, ( 7 )
C 2 6 C 2 7 C/ . R 7 7 . 1 < 2 )
C 2 3 C2H C7  7 1 o . fj ( ;
P 2 C 2 9 r  to n  / .  v i l )
P 2 C 2 ^ C 3 4 12 3 . 4 ( 1 )
C 3 0 C 2 9 C3 4 U H . f l !  ] )
C 2 9 C 3 0 C 3 1 L 2 0 . 7 ( 2 )
C 3 0 C 3 i C3  2 1 i 7  C(  2 )
( 7 1 C 3 2 C3  3 12 0 . 7 ( 2 )
C3  2 C 3 3 C 3 4 120 . 7. ( 7.)
C 2 9 C 3 4 C 3 3 1 2  0 . 4 ( 1 )
P 2 C 3 5 C 3 6 1 i  n . B ( 1 )
C4 1 C4 A C 4 r> , 2 0 . 4 ( 1 )
j 0 MI 1 0 2 )  . 1 / 7 C7  2 7 o n t . . )
At urn 1 A l u m  2 At .om 3 A n g  1 r
1 7 r  to C4 0 1 2 3 . 4 1 1  )
r t f , ( 7  0 ! ’ 4 (' 1 1 7 . 8 ( 1 )
i ' o , C 7 c  i ' 1 2 1 . 3 ( 1 )
\ ' \ * . C3  7 c  ’to, 1 2 0 .  1 ( 7 )
- r  tM - ■ i n 1 1 9 . 3 ( 2 '
! ■ Ml 1 1 t o 114 o 17 0 . 7 ( 1 )
*■ ' \ C4 0 ( 7 0 17 0 . 7 ( 1 )
1 7 C4 1 ( ’4 2 1 . 7  7 4  1)
1 ’ 2 C4 1 C4 o J 17.0 ( 1 )
C4 2 C 4 1 C4M 1 H i .  0 (  1 !
O’4 1 | ’ 4 7 C4 3 1 2 0 . H ( I )
( '4:: (7 ' C 4 4 12 0 . 1 ( 1 )
C4 ( (.’4 4 C4 0 1 1 9 . 8 ( 1 )
7 4 4 CI O C 4 n i 2 0 . 1  ( 1 )
31 2
„C4
ci;
C2
CIOS2
S3. C9C7
C8
C16'
SI
S4
S6
C17I
Cl!
C20,
C2i
Crystal data for 5a: ZnSe Cn * H* 9 N , F.W.=753.6, monoclinic,
space group P2i/c, a=33.509(3), b=14.787(2), c = 1 6 .085(3)%, 
e =94.753(12)°, Z= 8 , dc= 1.260gcm-3 , T=22°C,
iJ(CuKa)sc39.54cm- 1 , 794 variables, 2 < 6 < 6 5° , R = 0.051 for 8 296 
data with I > 3, (I ) .
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Coordinates for CN(n-Pr)43 CZn (CB H7 S2)33
Atom X 1 z B(A2 )
Znl 0.87269(2) 0.46478(5) 0.23727(4) 6.26(2)
Zn2 0.35209(2) 0.47014(4) 0.17979(3) 5.21(1)
SI 0.90165(4) 0.3026(1) 0.2483(1) 8.11(4)
S2 0.94913(5) 0.4650(1) 0.2737(1) 9.20(5)
S3 0.84920(6) 0.4695(1) 0.38554(9) 9.02(5)
S4 0.85747(4) 0.6211919) 0.27625(7) 6.12(3)
S5 0.81204(4) 0.4023(1) 0.15557(B) 6.99(4)
S6 0.87977(5) 0.4781(1) 0.0778(1) 8.59(4)
S7 0.30671(3) 0.50176(8) 0.28698(7) 5.16(3)
S8 0.36943(4) 0.6227819) 0.23941(8) 6.33(3)
S9 0.33503(4) 0.48291(8) 0.03875(7) 5.29(3)
S10 0.30631(4) 0.313311) 0.10808(7) 6.80(3)
Sll 0.39899(3) 0.37089(9) 0. 24076(8) 6.32(3)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X 2 B( A2 )
S12 0.45189(4) 0.4921(1) 0.14987(8) 6.82(3)
N1 0.5999(1) 0.5105(2) 0.1951(2) 4.01(8)
N2 0 .1 2 0 1 (1 ) 0.4958(2) 0.2802(2) 5.31(9)
Cl 0.9447(1) 0.3535(3) 0.2680< 3) 6 .2 (1 )
C2 0.9823(1) 0.2972(3) 0.2830(3) 6.3(1)
C3 0.9965(2) 0.2009(4) 0.3670(3) 7.8(2)
C4 1.0300(2) 0.2299(5) 0.3839(4) 10.4(2)
C5 1.0497(2) 0.1949(4) 0.3171(4) 1 0 .0 (2 )
C6 1.0362(2) 0.2098(4) 0.2367(4) 0.5(2)
C7 1.0013(2) 0.2615(4) 0.2193(3) 7.2(1)
C 8 0.9868(2) 0.2776(5) 0.1308< 3) 9.0(2)
C9 0.0471(1) 0.5795(3) 0.3609(3) 5.4(1)
CIO 0.8373(1) 0.6442(3) 0.4361(3) 5.6(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X X z B(A2 )
Cll 0 . 8 6 6 8 (2 ) 0.7051(4) 0.4631< 3) 8.4(2)
C12 0.8600(2) 0.7659(5) 0.5244(4) 1 1 .0 (2 )
C13 0.8240(2) 0.7657(5) 0.5575(4) 10.9(2)
C14 0.7938(2) 0.7080(4) 0.5335(3) 9.0(2)
C15 0.8006(2) 0.6450(4) 0.4699(3) 6.7(1)
C16 0.7684(2) 0.5853(5) 0.4436(4) 1 0 .2 (2 )
C17 0.8366(1) 0.4222(3) 0.0708(3) 5.9(1)
C18 0.8194(1) 0.3B42(3) -0.0103(3) 5.4(1)
C19 0.7B4612) 0.4205(4) -0.0477(3) 8 .1 (2 )
C20 0.7664(2) 0.3834(5) -0.1220(3) 9.1(2)
C21 0.7640(2) 0.3134(5) -0.1578(3) 9.0(2)
C22 0.8195(2) 0.2769(4) -0.1230(3) 7.4(1)
C23 0.8379(1) 0.3120(3) -0.0487(3) 5.6(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X T z B(A2 )
C24 0.8761(2) 0.2701(4) -0.0121(3) 7.9(2)
C25 0.3337(1) 0.5965(3) 0.3021(2) 4.3(1)
C26 0.3263(1) 0.6578(3) 0.3731(3) 4.9(1)
C27 0.3006(1) 0.7296(3) 0.3591(3) 7.2(1)
C28 0.292512) 0.7882(4) 0.4243(4) 8 .8 (2 )
C29 0.3119(2) 0.7733(4) 0.5008(3) 9.0(2)
C30 0.3376(2) 0.7037(4) 0.5155(3) 9.5(2)
C31 0.3455(2) 0.6442(4) 0.4521(3) 7.6(1)
C32 0.3744(3) 0.5680(5) 0.4685(4) 13.2(2)
C33 0.3127(1) 0.3800(3) 0.0281(2) 4.4(1)
C34 0,2982(1) 0.3543(3) -0.0593(2) 4.04(9)
C35 0.2711(1) 0.4116(3) -0.1035(3) 5.1(1)
C36 0.2559(1) 0.3911(3) -0.1834(3) 5.6(1)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X 1 z B(A2 )
C37 0.2688(1) 0.3153(3) -0.2214(3) 6 .1 (1 )
C38 0.2963(1) 0.2593(3) -0.1796(3) 5.8(1)
C39 0.3113(1) 0.2755(3) -0.0975(2) 4.8(1)
C40 0.3401(2) 0,2095(4) -0.0551(3) 7.1(1)
C41 0.4439(1) 0.4101(3) 0.2146(3) 4.7(1)
C42 0.4709(1) 0.3600(3) 0.2574(3) 4.6(1)
C43 0,4952(1) 0.2879(3) 0.2153(3) 6 .1 (1 )
C44 0.5272(2) 0.2396(4) 0.2527(3) 7.5(1)
C45 0.5431(2) 0.2634(4) 0.3301(3) 7.9(2)
C46 0.527712) 0.3326(4) 0.3713(3) 7.7(2)
C47 0.4945(1) 0.3834(4) 0.3353(3) 6 .2 (1 )
C4B 0.4774(2) 0.4592(4) 0.3823(4) 9.5(2)
C49 0.5801(1) 0.5331(3) 0.2748(3) 5.7(1)
Table of Positional Parameters and Their Estimated Standard Deviatlong (cont.)
Atom x £ z B( A2 )
C50 0.5975(2) 0.6144(4) 0.3233(3) 8 .6 (2 )
C51 0.5751(2) 0.6261(4) 0.4009(3) 10.7(2)
C52 0.6440(1) 0.4942(3) 0.2132(3) 5.7(1)
C53 0.6563(2) 0.4191(4) 0.2728(3) 7.5(1)
C54 0,7015(2) 0.4192(5) 0.2951(4) 10.4(2)
C55 0.5954(1) 0.5883(3) 0.1339(3) 5.6(1)
C56 0.5526(1) 0.6140(4) 0.1062(3) 7.6(1)
C57 0.5528(2) 0.6915(4) 0.0433(3) 8.5(2)
C58 0.579K 1) 0.4255(3) 0.1616(3) 5.5(1)
C59 0.5933(2) 0.3902(4) 0.0803(3) 7.8(1)
C60 0.5698(2) 0.3070(5) 0.0529(4) 12.5(2)
C61 0.1422(2) 0.4114(3) 0.2566(3) 6.7(1)
C62 0.1686(2) 0.4245(4) 0.1856(4) 9.3(2)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X 1 z B(A2 )
C63 0.1997(2) 0.3537(4) 0.1855(5) 11.3(2)
C64 0,0950( I) 0.4690(4) 0.3513(3) 6 .6 (1 )
C65 0.0692(2) 0.5461(4) 0.3800(4) 10.3(2)
C6 6 0.0473(2) 0.5126(6) 0.4541(4) 13.3(2)
C67 0 -1493 <1) 0.5709(3) 0.3001(3) 5.9(1)
C6 8 0.1707(2) 0.5481(4) 0.3806(3) 0 .0 (2 )
C69 0.2062(2) 0.6272(4) 0.4016(4) 8.9(2)
C70 0.0942(2) 0.5329(3) 0.2054(3) 6.5(1)
C71 0.0621(2) 0.4695(4) 0.1688(4) 8 .8 (2 )
C72 0.0379(2) 0.5170(5) 0.0967(4) 11.5(2)
The equivalent Isotropic thermal parameter, for atoms refined 
anisotropically, is defined by the equation:
^Ca2 Bn  + b2 B 2 2  + c2 B3 3  + abB 3 2c°9Y + acB^cosf) + bcB2 3coscx 3
Table of Bond Distances In Angstroms
CN(n-Pr >43 CZn(C8 H7 S2>33
Atom 1 Atom 2
S £ * * s =.
Distance Atom 1 Atom
Znl 31 2.587(2) S5 C17
Znl 32 2.579(2) 36 Cl 7
Znl 33 2.573(2) 37 C25
Znl 34 2.461(2) SB C25
Znl S5 2.504(1) S9 C33
Znl 36 2,603(2) S10 C33
Zn2 S7 2.437(1) 511 C41
Zn2 S8 2.502(1) S12 C41
Zn2 39 2.301(1) N1 C49
Zn2 Sll 2.308(1) N1 C52
31 Cl 1.633(5) N1 C55
S2 Cl 1.658(5) N1 C58
S3 C9 1.650(5) N2 C61
S4 C9 1.676(5) N2 C64
Distance Atom 1 Atom 2
= 3 S S S *
Distance
i s z i s t s s r
1.676(5) N2 C67 1.522(6)
1.662(5) N2 C70 1.525(6)
1.67414) Cl C2 1.513(7)
1.673(4) C2 C3 1.416(7)
1.697(4) C2 C7 1.359(7)
1.649(4) C3 C4 1.361(8)
1.698(4) C4 C5 1.406(9)
1.635(5) C5 C6 1.352(9)
1.529(6) C6 Cl 1.405(7)
1.529(6) C7 C8 1.484(7)
1.514(6) C9 CIO 1.500(6)
1.515(6) CIO Cll 1.380(7)
1.516(6) CIO C15 1.384(7)
1.524(6) Cll C12 1.368(9)
Bond Distances (cont.)
Atom 1 Atom 2
9 S *  * 3  *
Distance
3 3 * 3 3 3 3 3
C12 C13 1.36(1)
C13 C14 1.355(9)
C14 CIS 1.417(8)
CIS C16 1.432(B)
C17 CIS 1.491(6)
CIS C19 1.375(7)
CIS C23 1.402(7)
C19 C20 1.408(7)
C20 C21 1.345(9)
C21 C22 1.381(7)
C22 C23 1.399(6)
C23 C24 1.498(7)
C25 C26 1.495(6)
C26 C27 1.376(6)
Atom 1 Atom 2 Distance
------ -- -=_=====
C26 C31 1.390(6)
C27 C28 1.4041B)
C2B C29 1.362(8)
C29 C30 1.349(8)
C30 C31 1.388(8)
C31 C32 1.495(9)
C33 C34 1.496(5)
C34 C35 1.393(6)
C34 C39 1.405(6)
C35 C36 1.377(6)
C36 C37 1.364(7)
C37 C39 1.372(6)
C3B C39 1.394(6)
C39 C40 1.498(6)
Atom 1 Atom 2 Distance
C41 C42 1.503(6)
C42 C43 1.399(6)
C42 C47 1.361(6)
C43 C44 1.3B6(7)
C44 C45 1.359(7)
C45 C46 1.345(0)
C46 C47 1.423(7)
C47 C48 1.495(8)
C49 C50 1.523(7)
C50 C51 1.517(9)
C52 C53 1.496(7)
C53 C54 1.530(8)
C55 C56 1.515(6)
C56 C57 1.529(8)
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Bond Distances (cont.)
Atom 1
* 9 • a m m
Atom 2 
* ■ « * « «
Distance Atom 1
x * * a a a
Atom 2 Distance Atom 1
s a r a s m
Atom 2
a * a a a s
Distance
C58 C59 1.520(7) C64 C65 1.516(8) C70 C71 1.508(8)
C59 C60 1.490(9) C65 C66 1.53(1) C71 C72 1.530(9)
C61 C62 1.515(8) C67 C68 1.501(7)
C62 C63 1.474(9) C60 C69 1.510(8)
LO
Table of Bond Angles in Degrees
CN(n-Pr)43 CZn(C0 H7 S2)3D
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
SI Znl S2 66.04(5) S5 Znl Sfe 69.33(5)
51 Znl S3 95.94(6) S7 Zn2 S8 72.20(4)
SI Znl S4 159.75(5) S7 Zn2 S9 124.29(5)
SI Znl S5 88.70(5) S7 Zn2 Sll 105.32(5)
SI Znl S6 94.20(6) S8 Zn2 S9 109.55(5)
52 Znl S3 99.4317) S8 Zn2 Sll 106.42(5)
S2 Znl S4 99.43(5) S9 Zn2 Sll 125.15(5)
S2 Znl S5 150.13(6) Znl SI Cl 84.6(2)
S2 Znl Sfe 93.08(6) Znl S2 Cl 84.4(2)
S3 Znl S4 69.68(5) Znl S3 C9 83.6(2)
S3 Znl S5 101.48(6) Znl S4 C9 8 6 .8 (2 )
S3 Znl 36 166.16(6) Znl S5 C17 8 6 .0 (2 )
S4 Znl S5 107.71(5) Znl S6 C17 83.1(2)
S4 Znl S6 102.56(5) Zn2 S7 C25 84.4(1)
Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle
Zn2 SB C25 82.3(1)
Zn2 59 C33 95.6(1)
Zn2 Sll C41 105.3(2)
C49 N1 C52 111.3(3)
C49 N1 C55 110.7(3)
C49 N1 C58 105.1(3)
C52 N1 C55 106.7(3)
C52 N1 C58 110-7(3)
C55 N1 C58 112.4(3)
C61 N2 C64 106.9(3)
C61 N2 C67 111.0(3)
C61 N2 C70 110.9(3)
C64 N2 C67 110.1(3)
C64 N2 C7C 111.7(3)
Atom 1 Atom 2 Atom 3 Angle
C67 N2 C70 106.3(3)
SI Cl S2 122.9(3)
SI Cl C2 119.1(4)
S2 Cl C2 118.0(3)
Cl C2 C3 117.2(4)
Cl C2 C7 122.1(4)
C3 C2 C7 120.8(5)
C2 C3 C4 119.5(5)
C3 C4 C5 118.9(5)
C4 C5 C6 1 2 2 .0 (6 )
C5 C6 C7 119.0(5)
C2 C7 C6 119.8(5)
C2 C7 C8 121.6(5)
C6 C7 CB 118.6(5)
Bond Angles (cont
Atom 1 Atom 2 Atom 3
S3 C9 S4
S3 C9 CIO
S4 C9 CIO
C9 CIO Cll
C9 CIO CIS
Cll CIO C15
CIO Cll C12
Cll C12 C13
C12 C13 C14
C13 C14 CIS
CIO C15 C14
CIO C15 C16
C14 C15 C16
S5 C17 S6
Angle Atom
119.9(3) S5
121.4(3) S6
118.7(3) C17
116.7(4) C17
122.8(4) C19
120.5(5) C18
119.9(5) C19
119.1(6) C20
123.8(6) C21
117.3(5) C18
119.4(5) C18
123.5(5) C22
117.1(5) S7
121.0(3) 57
Atom 2 Atom 3 Angle
C17 C18 117.7(3)
C17 C18 121.2(4)
C18 C19 119.1(4)
C18 C23 121.3(4)
C18 C23 119.6(4)
C19 C20 120.7(5)
C20 C21 119.3(5)
C21 C22 121.3(5)
C22 C23 120.4(5)
C23 C22 118.6(4)
C23 C24 122.4(4)
C23 C24 118.9(4)
C25 S8 1 2 0 .8 (2 )
C25 C26 119.8(3)
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Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
50 C25 C26 119.4(3) C33 C34 C35 118.2(4)
C25 C26 C27 118.9(4) C33 C34 C39 122.1(3)
C25 C26 C31 121.2(4) C35 C34 C39 119.7(3)
C27 C26 C31 119.0(4) C34 C35 C36 121.1(4)
C26 C27 C28 120.7(5) C35 C36 C37 119.6(4)
C27 C28 C29 117.9(5) C36 C37 C38 120.0(4)
C28 C29 C30 122.1(5) C37 C38 C39 122.4(4)
C29 C30 C31 120.9(5) C34 C39 C38 117.1(4)
C26 C31 C30 118.6(5) C34 C39 C40 123.7(4)
C26 C31 C32 120.8(5) C38 C39 C40 119.2(4)
C30 C31 C32 120.6(5) Sll C41 S 1 2 127.3(3)
S9 C33 S10 1 2 2 .8 (2 ) Sll C41 C42 113.0(3)
S9 C33 C34 115.413) S 1 2 C41 C42 119.6(3)
S10 C33 C34 121.8(3) C41 C42 C43 118.3(4)
Ui
r\j'-g
Bond Angles (cont.)
Atom 1 Atom 2 Atom 3 Angle
C41 C42 C47 121.6(4)
C43 C42 C47 120.2(4)
C42 C43 C44 120.2(4)
C43 C44 C45 119.6(5)
C44 C45 C46 120.7(5)
C45 C46 C47 121.3(5)
C42 C47 C46 118.0(4)
C42 C47 C48 121.4(4)
C46 C47 C48 120.6(4)
N1 C49 C50 115.3(4)
C49 C50 C51 108.5(5)
N1 C52 C53 115.8(4)
C52 C53 C54 110.2(5)
Atom 1 Atom 2 Atom 3 Angle
N1 C55 C56 115.1(4)
C55 C56 C57 109.1(4)
N1 C58 C59 115.0(4)
C58 C59 C60 109.8(4)
N2 C61 C62 114.3(4)
C61 C62 C63 111.5(5)
N2 C64 C65 113.9(4)
C64 C65 C66 108.6(5)
N2 C67 C68 115.5(4)
C67 C68 C69 110.4(5)
N2 C70 C71 115.1(4)
C70 C71 C72 109.0(5)
328
329
CL1 CL2
C2
C5
Crystal data for 6a: A u S s C s H i o N C h  , F . W . : 416.14,
orthorhombic, space group Pn2ia or P n m a , a=ll.512(2), 
b=7.236(1), c = 1 2 .934(2)X, Z = 4 r dc =2.565gcm-3 , T-27°C, 
p(MoKa)=144.5cm~1 , 95 variables, l<e<25° , R=0*031 for 754
data .
Coordinates for
X
[Audi (Etz NCS2 ) ] 
Y z
Au 0.4818 0.2500 0.0939
Cll 0.2827 0.2613 0.0690
C12 0.4687 0.2548 0.2727
SI 0.5307 0.2706 -0.0781
S2 0.6804 0.2462 0.0925
N 0.7627 0 . 3079 -0.1037
Cl 0.6702 0.2811 -0.0385
C2 0.7464 0.3370 -0.2078
C3 0.8776 0.3282 -0.0580
C4 0.7486 0.1722 -0.2768
C5 0.9496 0.1901 -0.0749
3
3
0
6a Bond Distances
Au-Sl 2.300(3)
AU-S2 2.286(3)
Au-Cll 2.317(3)
Au-C12 2.317(3)
Sl-Cl 1.686(11)
S2-C1 1.717(12)
N-Cl 1.372(15)
N-C2 1.375(19)
N-C3 1.457(17)
C2-C4 1.490(20)
C3-C5 1.316(22)
6_a Bond Angles
Sl-Au-S2
C11-AU-C12
Sl-Au-Cll
S2~Au-C12
51-AU-C12
52-AU-C11 
S1-C1-S2
51-Cl-N
52-C1-N 
C1-N-C2 
C1-N-C3 
C2-N-C3 
N-C2-C4 
N-C3-C5
.40(12) 
.24(12) 
.05(12) 
.21 (12) 
.58(24)
.42(16) 
.97 (67) 
.94(91) 
.05(89) 
.19(1.20) 
.01(1.19) 
.34(1.31) 
.47(1.32) 
.30(1.47)
75
94
96
94
168
171
110
123
125
121
118
120
117
115
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